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Summary: The causal relationship between thimerosal (ethylmercury), preservative in 
pediatric vaccines, and the increase in children's neurodevelopmental disorders as a result 
of the increase in immunization schemes is evaluated. The scientific information on 
thimerosal was reviewed, and evidence found in epidemiological, ecological, 
biomolecular, toxicology, biosafety, fetal toxicology and reproductive health studies 
signal the possible causal association of thimerosol exposure and neurodevelopmental 
disorders of the child. Such neurotoxicity occurs in infants and fetuses of vaccinated 
pregnant women, due to cumulative doses of mercury. The various types of evidence 
imply thimerosal as the causal agent, aggravating or triggering neurodevelopmental 
disorders of the child. The toxicity of mercury forced the progressive withdrawal of 
thimerosal. Unfortunately, in the vaccines, there was a substantial delay in demonstrating 
the negative impact of thimerosal. Currently, there exist vaccines without thimerosol, 
whose use is causing a lower incidence of children's neurodevelopmental disorders. 

Key words : Thimerosal; autism; nervous system diseases; child development; vaccines. 

INTRODUCTION 

In 2004, the American Academy of Pediatrics (AAP) and the Department of 
Health and Human Services of the United States of North America, launched an epidemic 
alert, impressed by the number, each time more alarming, of cases of autism and other 
diffuse disorders of child development, indicating at that time 1 of every 6 North 
American children had a developmental or behavioral disorder and that 1 in every 166 
children had an autistic spectrum disorder (ASD). 

These entities currently form a heterogeneous group of illnesses, in which are 
included, besides autism, strictly speaking, Rett syndrome, Asperger syndrome, and 
generalized development disorder. (1,2) 

Multiple studies have shown an extraordinary increase in cases of ASD since the 
middle of the 1980s (3-15). In agreement was an investigation carried out by the House 
of Representative of Congress of the U.S. In that country, the epidemic showed an annual 
growth rate of 10 to 17%, until the year 2003. (16) 

The statistical data of the U.S. Department of Education 2002 show that, at the 
end of the 1960s only 919 new cases of autism had been reported in the U.S. territory. 
However, since the decade of the 1980s, the growth continued and adopted an 
exponential curve, such that by the beginning of the 1990s, the number of new cases had 
risen to 6,785 and arrived at almost 100,000 in 2002, which represented an increase of 
700% in scarcely 10 years. (17) In what is referred to as estimations of prevalence, during 
the 1940s in that country, the recorded rate of autism was 1 in every 10,000 children. In 
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1977 it was 1 for every 2,500; in 1985, it increased to 1 in every 1,133; in 1998, it grew 
to 1 in every 323, and in 2004, it reached the shocking figure of 1 in every 166 children. 
(15, 18) 

The above mentioned statistics changed ASD into the largest epidemic of mental 
diseases ever observed in the history of the U.S., meaning more cases than diseases such 
as Down syndrome. Diabetes Mellitus Type 1 and pediatric cancer. (8) 

Even though in our midst we do not yet have available statistical data that 
estimate the magnitude of this problem, various countries worldwide have found similar 
increases. In China, for example, where ASD was practically unknown, coincidental 
with the introduction of North American vaccine producing companies, since the year 
1999, it was reported that over 1.8 million children were recently diagnosed with autism; 
in addition, ASD has also significantly risen in India, Nicaragua, Argentina and in other 
developing countries during the latest years. (19) 

The fact of having seen such a striking increase in cases, as described, definitively 
ruled out the hypothesis that these illnesses were due exclusively to a genetic disorder, 
since such conditions take many years to develop and they never reach epidemic 
numbers, except ionization exposures and nuclear catastrophes. 

Some investigators proposed that such a phenomenon could be due to changes 
and improvements in the diagnostic criteria. However, despite the fact that since 1994 
the DSM rv (Diagnostic and Statistical Manual 4* Ed.) criteria began to be used in the 
U.S. and throughout the world, as a required source for diagnosis of mental diseases, the 
number of new cases identified as ASD continued growing significantly until the year 
2001. (6) In addition, multiple studies have found that factors such as migratory 
phenomena or improvements in diagnostic tools do not explain the increase in cases and 
that the epidemic is genuine. (8, 11, 13, 15, 16, 20, 21) 

ROLE OF VACCINES IN THE EPIDEMIC 

Historically, until before the year 1980, at least two-thirds of autistic children 
showed serious neurological problems shortly after birth. Nevertheless, during the period 
from 1980-1985, while the incidence of ASD clearly rose throughout the world, a new 
form of autism simultaneously began to be described, so-called delayed or regression, in 
which the affected children showed notable changes in the loss of their social 
relationships, language and behavior, between the first and second year of life. For 1985, 
the occurrence of regression autism had already equaled that of autism since birth, 
suggesting that this change acquired from the disease went beyond those types due to 
genetic problems or innate metabolic defects. (18) 

Furthermore, a recent investigation shows from the evaluation of home videotapes 
that the pathological changes in communication, sensitivity, social relationships, 
repetitive behavior and forms of child games, clearly manifest themselves between 12 
and 24 months of age in children who are subsequently diagnosed with ASD. (23) 
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In accordance with the studies of the ARI, for the year 1997, autism of delayed or 
regression in initiation had reached at least 80% of the total of cases. Despite the changes 
in the diagnostic criteria previously pointed out, the exponential growth of the disease 
suggests that this phenomenon is not due to innate metabolic defects but rather to an 
acquired condition. (24) 

In addition, various studies noted that the curves of increase of ASD cases 
coincide with the rise in the number of pediatric vaccines and their respective 
supplements, being directly related to the dose of total exposure to thimerosal, a 
preservative and antiseptic composed of 49.6% of a form of organic mercury (Hg), so- 
called ethylmercury, contained in the majority of pediatric vaccines. (25-27) 

Thimerosol, or [ethilymercury tio] 2 benzoate of sodium (ethylmercuric salicylic 
acid) whose molecular formula is C.H.HgNa02S (Figure 1), separates in the organism in 
ethylmercury and thiosalicylate, being a highly unstable chemical composition. Due to 
its great liposolubility, it can easily cross the blood-brain and placental barriers, 
exhibiting a short time of half-life in the blood. It can deposit itself in the central nervous 
system, where subsequently it is transformed into inorganic Hg, which accumulates in the 
human and animal brain, showing a half-life between 227 and 540 days. Organic Hg can 
also bind to glutathione and other plasma proteins, such as metalothioneins proteins that 
play a protective role inpre venting the extracellular transport of Hg. On the base of 
limited available information, it has been concluded that the noxious effects of 
ethylmercury can be similar (or even worse) to those of methylmercury, another organic 
mercurial with documented neurotoxicity. 

[Figure 1. Chemical structure of organic mercurials.] 

It has been estimated that if a child born in the U.S. received all of the established 
doses of vaccination within his first 6 months of age, the values of exposure to Hg would 
have been increased in a significant manner as time goes on: (28) 

Bom 1950 -1970: 50|agofHg. 

Bom 1971-1975: 75|agofHg. 

Bom after 1992: 187.5 |ag of Hg. 

In other words, the dose of Hg received just in the first six months of life would 
have been elevated more than 3 times in less than 20 years, due to the rise in the number 
of immunizations approved by the AAP and so accepted by the U.S. Centers for Dsiease 
Control and Prevention (CDC), as well as the U.S. Food and Drug Administration (FDA) 
of the U.S. Even more, at 18 months of age, the mercurial exposure rises to 237.5 
micrograms (|ag) and, if three additional vaccines are administered against the flu up to 1- 
1/2 years of life, such as was suggested in some population groups, then the total 
exposure to Hg could have been as high as 275 |ag. (29, 30) 
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It is given that the observational studies showed a direct correlation between the 
incidence rates of ASD and the mercurial exposures from vaccines, along with multiple 
clinical evidence, and similar laboratory evidence was found between these illnesses and 
mercury intoxication by S. Bernard and colleagues (31) were the first to formally 
establish a causal relationship. 

On the other hand, it has been pointed out that the elevated ranges of frequency of 
ASD in urban zones, in relationship to rural ones, also are consistent with an 
environmental geographical association (32, 33); furthermore, considering that 
concomitantly with the larger exposure to thimerosal from vaccines, globally, a larger 
environmental exposure has been reported to heavy metals, especially to Hg (34, 35). In 
Peru, this environmental contamination could be larger in rural mining areas located in 
the country's mountain range; while in children on the coast, the largest mercurial 
exposure would be associated with the vaccines containing ethylmercury. 

Recently, even though one accepts that they can present overlapping cases on 
both sides, two principle types of autism have been described: (24) 

* Type I (classic or since birth): occasioned by a severe metabolic disorder, due 
to an innate metabolic defect, with genetic associations. In affected children, the autistic 
characteristics appear quickly in life, accompanied many times by other clinical 
alterations, that can even be more dramatic. There have been mentioned in the literature 
at least two dozen conditions: "cat's cry" syndrome, Prader-Willi syndrome, Angelman 
syndrome, Rubenstein-Taybi syndrome, Smith-Magenis syndrome, Rett Syndrome, 
histidinemia, Lesch-Nyhan disorder, fragility of X chromosome syndrome, sclerosis 
tuberose, neurofibromatosis type 1, and phenylcetonuria, among others. (36-38) 

* Type II (acquired or regression): relatively new form, primarily responsible 
for the exponential increase in the cases of autism in the world. This variant is presumed 
to be a genetic predisposition, but it is certain in toxic exposures (heavy metals) and 
immunologics (vaccinations with live weakened virus). Although it is certain that it was 
always present in some measure, it has changed into a more prevalent form, due to the 
increase and severity of the above-mentioned factors of exposure. (39) 

It has been pointed out that these two classifications could be arbitrary, when 
metabolic disorders of genetic origin are almost of equal severity to the effects of 
acquired disease. But, it is very clear that the cases of Autism Type I now constitute a 
small minority and that the large part of cases, even 19 out of every 20, would not have 
shown manifestation of autism had there not been exposures to one or more triggering 
risk factors. In agreement with this opinion - large toxic and/or immunologic exposure - 
major defects will be observed in neurodevelopment, having checked individual 
variations determined by genetic differences, immunological state, physical conditions 
and nutritional status. (24) 

Based on more than 30 years of investigation, the ARI has determined that 
establishing such injuries of neurodevelopmental disorders are: (24) 
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1. The use of organic Hg (thimerosal) as a preservative in pediatric vaccines, 
which increased in number and frequency during the appearance of the epidemic of ASD 
and other infant neurodevelopmental disorders in the U.S., as well as its interaction with 
other toxins contained in the vaccines, such as aluminum and formaldehyde. 

2. The increase in the number of vaccinations and their respective 
supplements, multivalentes [multiple combination?] dose, especially the vaccine against 
measles contained in the triple viral measles-rubella-mumps. (40-53) 

3. Multiple immunizations given early in infancy to newborns and breast- 
feeding infants less than 6 months (as well as the vaccine against viral hepatitis B), 
administered before they have acquired sufficient metabolic maturity and immunological 
capability. (54) 

4. The increase in environmental pollution, given the presence of heavy 
metals, pesticides, herbicides, fungicides, perchlorates, chemicals of military use, etc.; 
conditioned on major exposure to heavy metals and toxic chemical substances. (55-60) 

5. The use of antimony as an nonflammable agent in children's clothing in 
some areas of the U.S., where houses are made of wood and American law requires the 
use of pajamas with this material. 

6. The diminution of quality of nutrition during pregnancy and first infancy, 
especially from the decrease in breastfeeding and its substitution by artificial milk 
formulas. 

7. The use of substances of abuse before and during gestation. 

CONTENTS OF ORGANIC MERCURY IN PERUVIAN VACCINATION PLANS 

Various international health agencies have developed guides to establish the 
maximum exposure levels permitted for methylmercury (another form of organic Hg 
contained basically in water and foods, previously better and more extensively studied 
and which historically has served as comparison with ethylmercury from thimerosal). 
Ethese include the U.S. Environmental Protection Agency (EPA 1997), the U.S. Agency 
for Toxic Substances and Disease Registry (ATSDR 1999), the U.S. FDA (Federal 
Register 1979), and the World Health Organization (WHO 1996). These levels of 
maximum exposure varied from 0. 1 micrograms per kilogram of daily weight 
(mg/kg/day) from the EPA, up to .47 mg/kg/day established by the WHO (28, 63), 
according to what is shown in Table 1 . 

Table 1 : Maximum permitted levels of oral exposure to methylmercury.* 



Office 



Maximum permitted oral Limits of oral exposure accumulated 
daily exposure (|-ig/kg) | average, calculated for children 
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younger than 6 monthsf 


EPA 


0.1 


65 - 106 


ATSDR 


0.3 


194-319 


FDA 


0.43 


259 - 425 


WHO 


0.47 


305 - 501 



* Ball L. et al., Pediatrics 2001. 

f percentiles of body weight 5' ' - 95^ ' . 

EPA (U.S. Environmental protection Agency), FDA (U.S. Food and Drug 

Administration), WHO (World Health Organization), ATSDR (Agency for Toxic 

Substances and Disease Registry) 

The wide recommended range is due to variations in margins of safety, 
differences in the emphasis placed on the sources of data, the different objectives of the 
agencies and the type of population to whom the guide is directed to protect. All of the 
the guides, however, fall in the same order of magnitude. Although it is certain that these 
guides can be used as references to evaluate the maximum permitted exposure to organic 
Hg, they are not necessarily valid limits on those that show toxicity. (28) Nevertheless, if 
the levels of exposure surpass the various limits of these guides, consensus exists on the 
part of the above cited public health organizations that adverse health consequences can 
occur. (63) 

To clarify the discrepancies between the different exposure guides, the U.S. 
Congress commissioned the National Academy of Sciences of that country to carry out a 
study on the toxicological effects of methylmercury, with the object of offering 
recommendations in establishing the reference dose scientifically most appropriate. (64) 
This report concluded that the current reference dose of the EPA was the scientifically 
justified level most adequate for the protection of human health, that is, 0.1 ug/kg/day. 
Because of the fact that, despite more than 70 years of vaccinations with thimerosal, it 
does not does not currently take into account the definitive data that compare the toxicity 
of ethylmercury versus that of methylmercury; the U.S. FDA considers both as equivalent 
in the evaluation of risk. (28) 

Vaccines for human beings contain concentrations of thimerosal from 0.001% (1 
part in 100,000) up to 0.01% (1 part in 10,000). Thimerosal is a compound made up of 
practically 50% ethylmercury; therefore, that vaccine contains 0.01% of thimerosal as 
preservatives, has 50 |ag of thimerosal per dose of 0.5 milliliters (mL) or approximately 
25 |ag of ethylmercury per dose of 0.5 mL. (28) The content of organic Hg under the 
form of ethylmercury, en vaccines currently available in Peru is shown in Table 2. 

The great majority of the pediatric vaccines employed in our country utilize the 
highest doses permitted of ehtylmercury (25 |ag in each of them). These immunications 
are: the vaccine against diphtheria-pertussis-tetanus (DPT), Haemophilus influenzae type 
B (Hib), viral hepatitis B (HvB), influenza, and the vaccine against meningococcal 
meningitis. 
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Table 3 shows the current vaccination plan established by the Ministry of Health 
of Peru ("MINSA"), the average weight of a Peruvian child at different ages in which he 
is immunized, the maximum levels of exposure to mercury permitted according to the 
EPA and the WHO in those vaccinated, and the levels of overexposure corresponding to 
those subjected employing vaccines that contain 25 |ag of ethylmercury. Note that the 
immunizations administered during pregnancy, birth and at three months of age largely 
exceed all of the established levels of maximum exposure, while those 2 and 4 years of 
age surpass the reference levels of the EPA. 

It is notable that MINSA includes only acellular Hib in its vaccination plans, the 
same that lacks Hg. Recently, it removed the two doses of DPT, before it given at 2 and 
4 months of age, by pentavalent combination vaccine (DPT -i- Hib -i- HvB), which was 
prepared starting with the combination of two vaccines: Tritanrix HB (DPT -i- HvB) that 
contains only what appears to be Hg (approximately 3 ug, in accordance with the 
producer) and Hiberix (acellular Hib), that does not contain Hg. Thanks to these 
changes, the total dose of ethylmercury received in the first four months of life of a 
Peruvian child has been reduced to 56 ug, in accordance with the current vaccination 
schedule of MINSA. 

Table 2: Relationship of registered vaccines in Peru, that contain thimerosal as 
preservatives. [OMITTED - see p. 247 of original article] 

Table 3. MINSA vaccination plan 2005-2006, containing ethylmercury in vaccines and 

levels of mercurial overexposure. 



Date of 
application 


Average 
weight 
at 

vaccin- 
ation 
(kg) 


Dose of maxium 
exposure (ugr) 
Per Per 
EPA* WHOt 


Vaccine 
administered 


Content of 
ethyl- 
mercury 
(Mg) 


Overexposure 

Per Per 
EPA WHO 


Pregnancy 


1.00 


0.1 


0.470 


Tetanus 


25 


200xt 


42.4xt 


Birth 


3.00 


0.3 


1.410 


BCG 
HvB 




25 



83x 



18x 


2 months 


4.35 


0.435 


2.045 


Pentavalent 
Oral Polio 


3 



6.9x 



1.5x 



3 months 


5.15 


0.515 


2.421 


DPT 

Acell. Hib 
Oral Polio 


25 






49 






10.3x 






4 months 


5.95 


0.595 


2.797 


Pentavalent 
Oral Polio 


3 



5x 



l.lx 



12 months 


10.0 


1.000 


4.700 


SRP 

Yellow fev. 















* Based on the reference by EPA of 0.1 ugr/kg/day 
f Based on the reference by WHO of 0.47 ugr/kg/day 
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^ Based on the preferencial accumulation 4:1 ofHg in the blood of the umbilical cord. 
U.S. Envirotnmental Protection Agency, Integrated Risk Information System, April, 2006. 
BCG (tuberculosis), HvB(viral hepatitis B), DPT (diphtheria, pertussis and tetanus), Hib 
(Haemophilus influenzae type B), Pentavalent (DPT + Hib + HvB), SRP (measles, 
rubella, mumps) 

However, in private vaccination centers multiple immunizations have continued 
to be employed, with vaccines that contain high doses of Hg. For example, if 
simultaneous vaccines of DPT, Hib and HvB were given the same day, they would add 
up to a total exposure of 75 ugr of Hg; therefore, according to the EPA the child would 
have to weigh 750 kg and in accordance with the WHO, the child would have to weigh 
159 kg, in order not to exceed the widest corresponding permissible margins. 

In addition, two types of vaccines are given to gestating Peruvian women, 
containing large quantities of ethylmercury. Eventually, using human anti-D 
immunoglobulines is required, to prevent hemolysis from blood incompatibility in the 
newborn infants of mothers carrying the rh blood factor. However, routinely, the 
antitetanus vaccine (absorbed tetanus toxoid ) is administered in two doses, beginning 
from the fourth month of pregnancy; each dose contains 25 |ag of added ethylmercury, 
the same that are injected in a very susceptible period to fetal life. Given that the 
mercurial concentrations in the fetal blood become 4.3 times higher than that found in 
maternal blood (65), fetal exposure to HT from these vaccines exceeds 200 and 42 times 
the maximum permitted references, in accordance with the EPA and WHO, respectively 
(Table 3). It's possible that, these immunizations are applied throughout to an urban 
population, whose childbirths occur in medical centers that fulfill optimal conditions of 
sterility, which limits significantly the risk of neonatal tetanus to levels that are 
practically nonexistent. 

Despite the striking levels of observed overexposures, and as a major concern, it 
is necessary additionally to consider the following points: 

1 . The levels of exposure previously mentioned take into account uniquely 
the content of Hg in the vaccines and does not consider other sources of mercurial 
exposure, such as foods (especially fish), mother's milk, water and other sources of 
environmental pollution. The European Medical Evaluation Agency (EMEA) has 
estimated that such sources, outside of vaccines, represent between 80 and 100 additional 
ugr of Hg per year. (66). In addition, studies done in Canada have stimated that vaccines 
containing thimerosal represent only 50% of the mercurial exposure to which children are 
exposed during only their first year of life. (67) 

2. The recommended maximum exposure levels were established by the oral 
exposure to organic mercurials; it is expected that, if these are administered parenterally 
(as in the case of vaccines), the exposure may be even higher, since the peak blood levels 
appear much more rapidly. 
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3. These ranges of maximum permitted exposure have been established for 
adults with an average weight of 70 kg; it is known that fetuses in development and small 
children are much more susceptible to mercurial toxicity in respect to adults, in 
proportion to weight and body surface area. (68) 

4. Recently, data have become available that show that ethylmercury from 
thimerosal has less lifetime in the blood, since its higher lipo solubility gives it greater 
capacity to cross the blood-brain barrier in relation to methylmercury, depositing itself 
seven times more in the central nervous system, as inorganic Hg (considered the most 
toxic of all forms of mercury). (69) 

EVIDENCE 

1. Epidemiological studies. 

In the U.S., six large retrospective population based epidemiological studies have 
been done, that evaluated the association between thimerosal contained in pediatric 
vaccines and ASD. Of those, five investigations found that there was a causal 
relationship between exposure to thimerosal and child neurodevelopment disorders (25- 
27, 70, 71), while one eventually concluded that it could neither accept nor reject such a 
hypothesis. (72) 

Other epidemiological studies (73-77) conducted outside the U.S. have not shown 
an apparent association. However, all of those, small quantities of exposure to mercury 
in vaccines were evaluated, these being the third part of the quantities administrated in 
the U.S. In effect, the total doses of exposure of ethylmercury in pediatric vaccines in the 
United Kingdom, Sweden and Denmark of 75 ug, 75 ug, and 125 ug, respectively, are far 
enough from the 237.5 |ag of potential maximum exposure, in accordance with the North 
American schedule of immunizations. Precisely, this fact was pointed out as one of the 
studies' principal limitations. (78) In addition, given it would seem that it is very 
important to consider the exact moment of occurrence of the exposure in relation to 
cerebral maturation, the experts also have noted that, in countries where these studies 
have been done, the vaccination plan differ largely from the immunization schedules 
established in the U.S., such that their conclusions cannot be extrapolated to other 
countries. (71) Finally, it has been noted that the statistical power of all of them has not 
been adequately validated, so that its capacity to detect uncommon conditions, like the 
studies in these large population cohorts, is fairly limited. None of the referenced studies 
has estimated such statistical power, nor did they define the form in which they 
established the sample sizes. (78-81) 

The ASD cases in the U.S., with 60 of 10,000 children (1 in every 166) currently 
affected, are much more prevalent than in the countries in northern Europe, such as 
Denmark, one of the countries were the U.S. CDC decided to conduct several of its 
epidemiological studies (74, 75) that have not shown an association. In that country, 
thimerosal was removed from vaccines in 1992, and nowadays, it reports 7.7 cases of 
autism per 10,000 children (1 in every 1,300). Despite that, the authors have not known 
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how to justify such important epidemiological differences. Other investigators have also 
observed that, given the great differences between the Danish and North American 
vaccination plans, the conclusion of such investigations, even if they were relevant to 
Denmark, certainly are not applicable to the United States. 

The first (and unfortunately only) large official study conducted by the U.S. CDC 
in more than 70 years of the history of vaccinations, was conducted by T. Verstraeten and 
colleagues, using the Vaccine Safety Datalink (VSD), the largest registry of data related 
to the health and immunizations in the U.S. (72) The investigation was begun in 1997, 
with its initial results presented 3 years later in a confidential form, in June of 2000, in 
Simpsonwood, Georgia. In accordance with the transcripts obtained thanks to an 
application requested under the Freedom of Information Act of the U.S., (83), only 52 
people attended that conference: authorities from the WHO, the U.S. CDC and the U.S. 
FDA, experts in vaccination at the time, and representatives of the 4 U.S. companies that 
manufactured vaccines in the U.S. (GlaxoSmithKline, Merck, Wyeth and Aventis 
Pasteur). Those results were never officially published. Nevertheless, according to the 
transcripts of the conference, the authors found a statistically significant causal 
relationship between mercury exposure contained in the vaccines, at three months of age, 
as much with autism as with attention deficit syndrome, among other child development 
disorders. The CDC decided to keep this information confidential and ordered the 
authors to continue working with the data fro m the VSD. After three more years, after 
multiple changes in the design and methodology of the study, the results were eventually 
published in the journal Pediatrics, official organ of the AAP, changing its initial 
conclusions and rejecting a causal relationship. 

The publication of this study has received the most number of criticisms and 
suspicions of lack of independence by different American organizations involved in the 
fight against autism, and the autism community in general, in the U.S. Curiously, the 
principal author of the investigation (Verstraeten) was hired by one of the above-cited 
North American pharmaceutical companies, well before the final publication of his 
investigation, and was taken outside of the U.S., to Belgium. In addition, in a letter to the 
editor, which appeared in Pediatrics one year after the publication of his study (84), 
Verstaeten contradicted the conclusions of his own study; affirming, in reality, his study 
eventually concluded in a neutral result, that is, that he could not accept but neither could 
he reject the causal association. 

Since 2000, the U.S. CDC had encrypted the data from the VSD, restricting its 
analysis by independent investigators. It required the intervention of a committee of the 
House of Representatives of Congress of the U.S. (16) to permit for the first time access 
to that database to investigators who had no conflicting relationship with any North 
American federal office or with pharmaceutical companies. That occurred in a limited 
form in 2004 and a few months later, the resulting study was published. The 
investigation concludes that exposure to Hg, through vaccines containing thimerosal 
administered in the U.S., was a significant risk factor for the appearance of 
neurodevelopmental disorders (71) 
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2. Ecological Studies 

A recent study, which evaluated the relationship between the average dose of Hg 
received through vaccines containing thimerosal and the prevalence of autism in the U.S., 
found that the cohorts of children born since the mid -part of the 1980s until the end of the 
1990s showed a positive ascending line of correlation, of statistical significance, between 
mercury exposure from vaccines and the prevalence of illness. (85) In this work, the 
authors also found that, upon reducing the dose of exposure to Hg, a corresponding 
decrease was observed in the prevalence of the disorder (Figure 2). 

Figure 2: Prevalence of autism in the U.S. in comparison to the average dose of mercury 

administered in vaccines.* 

[Chart omitted. Below are the descriptive labels of the chart] 
X Axis/Left: Average dose of Hg per child (range: - 300) 
Y Axis: Cohort of birth (year) (1981 - 1996) 
X Axis/Right: Prevalence of autism per 100,000 children 

* Geier D, Geier M. Med Sci Monit. 2004. 

The bars show the average dose ofHg administered per child in the infant vaccines. The 
line continuing line shows the prevalence of autism per 10,000 children in the U.S. [Note 
- the chart shows per 100,000, not 10,000 - must be a typo - LO] 

In addition, a recent investigation conducted in the U.S., using two different 
sources of data. Vaccine Adverse Event Reports (VAERS) and the California Department 
of Development Services (CDDS), indicates that both registries have coincided in 
showing significant growths in the reporting curves of new cases of autism and language 
disorders, from the year 1994 until 2002, observing a direct correlation with the content 
of thimerosal in children's vaccines. Nevertheless - and after the progressive removal of 
ethylmercury from the pediatric immunizations in the U.S. - beginning in 1999, both 
registries also show a significant decline in the same curves, from the middle of 2002 
until the year 2005. The authors conclude that such results clearly indicate that the 
reporting curves of new cases of both illnesses are directly related, first to the increase 
and subsequently to the decrease, in the cumulative dose of Hg in children exposed to 
vaccines containing thimerosal, in the North American immunization programs (86). 

Furthermore, the provisional data from the U.S. Department of Education show a 
recent decrease in the number of new cases of autism diagnosed among children from 3 
to 5 years of age, the same that had been immunized with vaccines free of thimerosal. 
After an annual sustained growth, observed since the beginning of the past decade, 1,451 
new cases were reported in the period 2001-2002; 1,981 in the period 2002-2003; 3,707 
between 2003-2004; and 3,178 in the period 2004-2005, which represents 529 fewer 
cases (87). 

Another very recent study also offers epidemiological evidence that demonstrates 
that, since the removal of thimerosal from pediatric vaccines, the number of new cases of 
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child neurodevelopmental disorder has decreased significantly in the U.S. (88). In that 
investigation, Geier and colleagues carried out an ecological study, monitoring the 
VAERS from the year 1991 until 2004, evaluating both the date of receipt of reports of 
harm attributed to vaccines, as well as the date of administration of the immunizations. 
The diseases studied were autism, mental retardation and language disorders. They found 
that, the peak of reports received in the VAERS occurred in the period 2001-2001, 
corresponding to the administration of vaccines with thimerosal from the year 1998. 
However, they also observed a significant reduction of the reporting of new cases of 
these illnesses from when the preservative began to be removed from the pediatric 
vaccines in the U.S., in the year 1999 and forward. 

In addition, two recent studies have documented how environmental pollution, 
particularly exposure to heavy metals (especially Hg) has plays a role as a risk factor in 
the development of ASD. Palmer and colleagues (89) studied the association between the 
prevalence of autism and environmental pollution by Hg and other toxins in Texas, one 
of the states of the American union with the largest petroliferous resources, [def: geologic 
formation containing petroleum - LO] The investigators compared the growth of cases 
of autism, from 1990 until the year 2000, in 31 districts of Texas, with the rate of 
environmental release of Hg. They found that, on average for each 1,000 pounds of Hg 
released in the ambient environment, a 43% increased was observed in the need for 
special education services and a 61% growth in the prevalence of autism. Also, in one 
study that has just been published, conducted by Windham and colleagues, of the 
National Institute of Environmental Health Sciences, (90 the authors compared the 
environmental exposure to 19 chemical substances identified as potential neurotoxins, 
developmental toxins and/or disruptors of the endocrine system, in 284 children with 
ASD and 657 healthy children as controls, in San Francisco Bay, U.S. After 
corresponding statistical adjustments, the authors found an association between the risk 
of developing autism and the exposure in the ambient air surrounding the place of 
residence to heavy metals (Hg, cadmium and nickel), trichloroethylene and vinyl 
chloride, as much in the prenatal stage as in the first years of life in children with ASD. 

3. Biomolecular and Toxicology Studies 

We must point out that, science in general accepts that the epidemiological type 
studies can contribute to just one part of the scientific evidence, indicating that an area of 
investigation requires larger clinical and molecular studies, in order clarify a certain 
phenomenon. In the case of thimerosal, despite the ethical and medical-legal problems 
that may be involved to complete laboratory studies on ethylmercury in children, 
recently, extensive clinical investigations have been published, both in human beings and 
in laboratory animals, in vivo and in vitro, as well as numerous biomolecular studies, 
which describe the capacity of thimerosal to cause neurological disorders and that link it 
as the causal agent to several disorders of child neurodevelopment. (91) 

The following evidence has fully established that, all forms of Hg (including 
ethylmercury) are neurotoxic, especially during the early phases of cerebral development. 
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3.1 Studies on children with ASD 

At this date, there are investigative works available, involving children with ASD, 
in which they have shown a small capacity to excrete Hg and other heavy metals in the 
urine and hair (92-96) and how this capacity increases significantly after they have been 
administered chelants (substances capable of eliminating heavy metals from the body). 
These works conclude that, children affected by ASD have a significantly higher quantity 
of Hg accumulated in their bodies, in comparison with healthy children in controls, as a 
result of diminished capacity to excrete Hg. 

The excess of urinary excretion of porphyrins (porphyrinurias) is a discovery 
described in several fields (genetic deficiencies, hematological diseases, hepatologies, 
nephropathologies, etc.); but, it has also been described as a biological marker for chronic 
poisoning from heavy metals, both in animals as well as human beings. (97-100) 
Furthermore, a singular altered pattern of porphyrins in urine, with elevations of 
precoporphyrin (keto-isocoproporphyrin) and of pentacarboxyporphyrin, has been 
characterized as specific to poisoning by Hg. (101-105) Nataf and colleagues, in an 
innovative investigation about to be published in the journal Toxicol Appl Pharmacol, 
has studied for the first time the urine levels of porphyrins in 269 children with ASD, in a 
clinic in Paris, comparing them with values in healthy children controls. The authors 
found values of porphyrins 2.6 times higher in children with ASD, especially in the 
autistic group. The determinations of precopropoporphyrin and of 
pentacarboxyporphyrin also turned out to be significantly raised. In addition, a subgroup 
of autistic children who had shown abnormal values of porphyrinuria were treated with 
dimercaptosuccinic acid (DMSA), a chelant of heavy metals; they were observed to have 
normalization of urinary excretion of porphyrins. The investigators conclude that these 
discoveries suggest that heavy metals, particularly HG, are implicated in the causality of 
ASD. They also point out that porphyrinuria, besides being a biomarker of toxicity, 
could also have a role in behavioral manifestations of autism, given that these abnormal 
metabolites bind to benzodiazepine receptors (106-108) and have been associated with 
neurological disturbances, epilepsy and autism. (109-113) 

The ARI has been using in a protocolizing manner, several chelants, in the 
treatment for detoxification of child developmental disorders, since for several years, 
they have been finding several significant improvements (and in numerous cases the loss 
of diagnosis of ASD), in children affected by this group of disorders. (1 14-1 15) 

A lesser ability to desulfate has also been described in children with ASD. This 
biochemical deficit seems to contribute to the accumulation of Hg observed in these 
patients, given that the physiological process of detoxification of Hg in the human body 
includes the binding of mercurial compounds to sulfhydruls (thiols), to permit its 
subsequent excretion. (116) In addition. It has been found that children affected by ASD 
have plasmatic levels significantly lower than cysteine (19% reduction) and of 
glutathione (46% reduction) in comparison to healthy children; both substances are 
crucial for the excretion of Hg. (117) People with genetic deficiencies in the synthesis of 
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glutathione will be less capable of excreting Hg and, therefore, more sensitive to its 
adverse effects. (118-119) 

Glutathione (GSH) is a tripeptide produced at the hepatic level, beginning with 
the amino acids glycine, glutamate and cysteine (Figure 3). It acts to protect the human 
body from toxic agents, such as heavy metals, by means of binding these to its sulfhydryl 
groups. It is also a powerful antioxidant, which prevents the formulation of free radicals 
and inhibits cellular damage. Significantly lower levels of GSH has been found in 
children with ASD, thereby increasing the susceptibility of these patients to damage by 
heavy metals, in particular Hg. 

Figure 3. Structure of glutathione [omitted] 

Precisely, genomic polymorphisms have been found, specific for enzymes in the 
cycle of methionine and transulfatation, which explains the genetic susceptibility 
increased by poisoning from heavy metals in the autistic population, since these 
metabolic routes are precisely those responsible for the elimination of Hg and other 
heavy metals. (1 17-120) Additionally, it is known that the developing brain is unique in 
its susceptibility of neurotoxicity induced by mercurial agents; factors such as cerebral 
maturation, metabolism, nutritional state, sex and immunogenicity influence, as well as 
genetic vulnerability, the prognosis of cerebral damage. (68) Table 4 lists the genetic 
factors associated with increased susceptibility to developing ASD, according to the ARI. 

Redwood and colleagues (121) have stated that the exposure to Hg through 
immunizations must be grounds for concern, due to the small quantities of Hg 
administered during critical periods of development; they have been associated with 
various child neurological disorders, which include attention deficit syndrome, difficulty 
with speech and language disorders. 

Table 4. Genetic factors that predispose to ASD 



Male gender 

HLA C48 (alello nulo) 

Family history of autoimmunity: allergies, bronchial asthma, diabetes, - 

rheumatoid arthritis, intestinal inflammatory disease, celiac disease, autoimmune 

thyroiditis. 

Specific nucleotide polymorphisms: 

MTHFr: Tetrahydrofolate methylene reductase 

COMT: Catecolamine 0-methyltransferase 

MTRR/MTR: Methionine synthase and methionine synthase reductase 

TCII: Transcobalamine 

GABRB3: GABA receptor 

ADA: Adenosine deaminase 

Mutant UBE3A (ubiquitin ligase 

CBS: Cysthionine-beta-synthase 
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3.2 In vitro studies on human cells 

Thimerosal has been irrefutably proven to be toxic, even in micromolecular 
concentrations, to nerve cells, fibroblasts and human T-lymphocytes, damaging their 
mitochondrial mechanisms and inducing oxidative stress and the depletion of glutathione, 
the principle physiological detoxifying agent for heavy metals. 

The studies recently conducted in the Department of Biochemistry at the 
University of Kentucky by Professor Boyd Haley are revealing. (122) The investigators 
have found thimerosal to be even more neurotoxic than the ionic form of mercury 
(Hg2+), due to the enormous power of penetration it possesses in fatty tissue, such as the 
central nervous system (greater lipo solubility). In addition, they have observed that the 
toxicology of ethylmercury does depends not only on blood levels, but also on other 
numerous associated factors, such as: concomitant illness, simultaneous exposure both to 
other heavy metals (ionic zinc, cadmium, lead, aluminum) as well as antibiotics 
(tetracyclines, ampicillin, neomycin), genetic susceptibility, levels of testosterone, the 
beginning/end of life, oxidative stress, etc., all of which increase the damage in relation to 
a healthy individual. Their studies on human nerve cells exposed to extremely small 
quantities of thimerosal (even at concentrations of 1:10,000, as in vaccines) show how 
this toxin destroys neurons and/or severely affects their growth. They have observed that 
a solution of 50 nanomolars of thimerosal causes the death of 43% of exposed neurons, in 
the first 24 hours, while a solution with double the concentration causes close to 83% of 
cellular death in the same time period, concluding that its medical use is unacceptable, 
especially in the pediatric field. The same authors have demonstrated that, the toxicity of 
thimerosal is exacerbated when the preservative is used simultaneously with other heavy 
metals, such as ionic zinc, cadmium, lead, or aluminum. As a result, their investigations 
have shown that the same levels of thimerosal cause 50% of neuronal death, produce 
death of approximately 90% of human nerve cells in the presence of nontoxic levels of 
aluminum chloride. (122) 

This power of synergistic toxicity is of great concern, since many of the vaccines 
with thimerosal also contain aluminum; no study has been done on the biosafety at this 
point. We must point out that aluminum is also a known neurotoxin that shares many 
common mechanisms with Hg. For example, both are toxic to neurotubules; they 
interfere with antioxidant enzymes, harm enzymes that repair DNA, interfere with the 
mitochondrial production of energy, block protein receptors of cerebral glutamates (GLT- 
1 and GLAST), they bind to DNA and disturb the functions of neuronal membranes. 
(123-128) Aluminum, used as a preservative in vaccines, has had a causal relationship 
with macrophatic myofascitis, a condition that produces severe muscular weakness and 
multiple neurological syndromes. Gherardi and colleagues have emphasized that, even in 
the absence of an obvious systemic autoimmune disease, in the majority of cases 
diagnosed with macrophagic myofascitis, there has been evidence of a chronic 
immunologic overstimulation caused by the injection of aluminum. (127) This 
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phenomenon is very important, since recently, this pathological mechanism has been 
pointed out as one of the principal causes of damage in numerous neurodegenerative 
illnesses (multiple sclerosis, Alzheimer's disease, ASD and attention deficit syndrome. 
(129-131) In addition, it must be emphasized that for decades, studies have existed 
showing that the toxicity of both metals is highest when they are used in combined form 
(132). 

Gaskin and colleagues (133) have estimated that the quantities of thimerosal 
contained in the pediatric vaccination programs reach values 4 times higher than the 
lowest concentrations, at which, in their study, these authors found neurological toxicity 
(201 ug/L). They conclude that, the rapid appearance of damage caused by thimerosal in 
low micromolars concentrations, observed in short periods of time, is extremely 
worrying, since they estimate that prolonged exposure to thimerosal in small quantities 
(as happens during vaccinations) could produce neurological damage at doses even lower 
doses. 

Leong and colleagues examined neuronal growth in vitro after exposure of human 
nerve cells to similar concentrations of Hg, aluminum, lead, cadmium and manganese. 
They showed that nanomolar concentrations of Hg markedly altered the structures of the 
membranes and growth lines of 77% of exposed neurons, while with the other heavy 
metals, such damage was not observed. (134) Similar results have been described in 
numerous additional studies using thimerosal. (135-137) 

James and colleagues (119) have demonstrated that thimerosal induces oxidative 
stress and apoptosis (self-programmed cell death) of neurons, astrocytes, and human T 
cells, activating mitochondrial metabolic pathways of cellular death. They observed that 
neuronal death would occur just three hours after being exposed to thimerosal, while the 
cells of the glia (astrocytes) exhibited the same cytotoxic effects at 48 hours after 
exposure to the same concentrations of the preservative. It should be emphasized that 
known toxins, such as antineoplasmic agents used in chemotherapy, ultraviolet radiation 
and stress molecules (reactive oxygen and species of reactive nitrogen), also act at the 
cellular level. (138) In addition, their studies have shown how this mercurial toxicity is 
correlated with intracellular levels of glutathione, and the way this last substance could be 
of therapeutic use in children, elderly and pregnant women who receive vaccinations of 
immunoglobulins with thimerosal and in individuals who regularly consume fish 
containing appreciable quantities of Hg. (119) 

Recently, it has also been reported that methylation has a critical role in the ability 
of tissue growth factors to promote normal development. The liver is capable of 
completing the pathway of synthesis of homocysteine to glutathione (Figure 4). The 
astrocytes and neurons do not possess the enzyme cystathionine gamma lyase. Therefore, 
they are incapable of synthesizing cysteine. As result, these cells are dependent on the 
levels of plasmatic cysteine derived primarily from the hepatic synthesis of glutathione. 
It has been reported that thimerosal is a powerful antagonist of the enzyme methionine 
synthase, impeding the formation of methionine, which is essential for the methyation of 
several structures, such as DNA, RNA, various proteins, phospholipids, histones, and 
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neurotransmitters, all of which have been found to be altered in children with ASD. In 
addition, thimerosal inhibits the synthesis of glutathione, the principal physiological 
mechanism for detoxification of heavy metals. 

Thimerosal has been shown to be a potent inhibitor of this function, allowing a 
molecular explanation of how the vaccines can increase the incidence of 
neurodevelopment disorders. (117-119, 134) Waly and colleagues, in a fascinating study 
(139), has shown how the exposure to heavy metals (including lead, Hg and aluminum) 
can contribute to neurodevelopmental disorders, through the inhibition of metabolic 
pathways of methylation - especially the methylation of DNA - and the decrease in 
several factors of development (neurotropic growth factor, cerebral neurotropic factor 
and growth factor similar to type 1 insulin), all of which are indispensable for the 
promotion of neurological development and support the function and survival of the 
nervous system. (140, 141) 

Numerous other in vitro studies on human neurons have demonstrated that 
nanomlar and micromolar concentrations of thimerosal are capable of inducing neuronal 
death, neurodegeneration, damage to the cellular membranes and alterations of DNA, 
within a few hours of exposure. (142-144) Recently, it has also been shown that 
extremely small quantities of thimerosal are equally capable of critically interrupting the 
intemeuronal pathways of communication and the biochemical events necessary for the 
adequate neurological development in human beings. (145, 146) 

Figure 4. Pathway for the synthesis of glutathione and methylation. [omitted] 

3.3 Studies in animal models 

Autism has been reproduced in laboratory animals, satisfying one of the earlier 
etiological principles of Pasteur. In fact, Homig and colleagues (147), utilizing selected 
stocks of rats whose brains were in development and exposing them to vaccines with 
thimerosal (at doses equivalent to the weight and age of the human immunization 
schedules), have been able to replicate several similar characteristics to those of the 
disease, such as retardation in growth, decrease in locomotion, inappropriate responses in 
the presence of new stimulations, increase in cerebral size, significant abnormalities in 
the architecture of areas of the brain related to emotion and cognition, and disorders in 
the cells of the hippocampus, among others. Using the same model of investigation, 
damaging interaction between thimerosal and testosterone (122, 148) was also observed, 
confirming the major susceptibility to mercurial damage among animals of masculine 
gender. It is notable that child neurodevelopment disorders are four times more frequent 
among boys than girls. (5, 8, 15) In addition, in human fetuses and small children of 
male sex, greater sensitivity to neurological damage has been observed after the exposure 
to organic mercurials. (149) 

Studies conducted in animal models have documented substantial quantities of 
thimerosal in blood and in different tissues (especially the brain), showing its passage 
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through the blood-brain and placental barrier, determining that the time of half-life of Hg 
in the animal brain is from 28 days after being administered with Thimerosal. (150-151) 

For several years, in vivo studies done in rodents had shown that ethylmercury 
was capable of crossing cellular membranes and later being converted intraceluUarly to 
inorganic Hg, the same that accumulates preferentially in the brain and the kidneys. This 
intracellular accumulation of inorganic Hg proved to be higher for ethylmercury 
(thimerosal) in relation to methylmercury, using equimolar exposures, in spite of the fact 
that the speed of blood purification of ethylmercury is definitely more rapid than that of 
methylmercury. (152) 

Nevertheless, it has been determined that there are no major differences between 
the toxicity of methylmercury and thimerosal. Small quantities of thimerosal, in the 
order of micrograms in the brain of laboratory animals, were capable of producing similar 
neurological damage as the first, indicating that the presence of Hg in appreciable 
quantities was not necessary for such neurotoxicity to occur. (152) 

A recent study confirms these same observations: the blood levels of thimerosal 
are significantly shorter than those shown by methylmercury, 8.6 days vs. 21.5 days, 
respectively. However, the first crosses to a large degree the blood-brain barrier to 
deposit itself in the brain, transforming itself later into inorganic Hg (considered the most 
toxic of all forms of mercury), seven times more (71% vs. 10%), in comparison to 
methylmercury. It is also known that, the time of half-life of intracerebral inorganic Hg 
varies between 227 and 540 days. (69) 

Multiple immunological disruptions have been documented in patients with ASD. 
Recently, it has been found that thimerosal, at nanomolar concentrations, dramatically 
alters the dendrite cells of rats in vitro. These cells play a central role in the 
immunological response, since they act as hosts to antigens and stimulate the activation 
of T lymphocytes. Goth and colleagues (153) have reported that thimerosal alters the 
properties of dendrite cells, suppressing their internal signals; at small doses, the 
preservative induced the release of abnormal quantities of interleukens, while at higher 
doses it caused death. Such effects were observed even at very small concentrations and 
within a few minutes of exposure, also showing that the most immature cells were 
particularly sensitive to thimerosal. The authors conclude that their discoveries have 
implications in the commercial use of thimerosal in vaccines. The fact that dendrite cells 
are so sensitive to damage induced by the mercurial agent, and knowing the important 
role that they play in cellular immunity and immunologic tolerance, constitutes an 
explanation of the possible contribution to damage to the function of the immune system 
which the preservative causes. 

4. Studies of biosafety 

Although it may be difficult to believe, according to the investigation of the North 
American Congress, no large study of biosafety of thimerosal has been conducted by the 
pharmaceutical companies, nor has it been required by the U.S. or the U.S. CDC in more 
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than 70 years of history of human immunizations. (16) On the other hand, multiple 
investigations have long demonstrated its toxicity. 

Kravchenko and colleagues (154), working with cultures of human cells, showed 
that thimerosal not only was damaging in its primary toxic effects, but they also observed 
that it was capable of changing the properties of cells. These authors concluded that the 
use of thimerosal in biologic medical preparations, especially directed toward children, 
was unacceptable. After this publication, the Soviet countries retired thimerosal from its 
child vaccines, at the beginning of the decade of the 1980s. Many other studies arrived at 
similar conclusions, pointing out the unsuitability of thimerosal in the vaccines, since it is 
known for its capacity to induce allergic responses (155, 156), its poor antiseptic 
effectiveness (157) and/or its degradation into neurotoxic substances. 

A descriptive study published in the year 2002 showed, apparently, good news: 
thimerosal, after inoculation by vaccines in newborn children, resulted in blood levels 
significantly less and shorter than methylmercury, being excreted in appreciable 
quantities in the feces. (159) However, this work did not study other body parts (such as 
the nervous system); nor did it measure the peak serum levels of ethylmercury after the 
first hours of inoculation, despite the fact that other investigations have documented 
substantial elevations of their blood concentrations in the first 24 to 72 hours after being 
administered thimerosal from pediatric vaccines. (160) In addition, the study was not 
designed to measure the biological effect of the preservative (it just measured 
pharmacokinetic variables) and was conducted in an extremely small population (33 
children). It should be emphasized that, it has been fully determined that the nervous 
system preferentially takes Hg originating from thimerosal; intracerebral concentrations 
were observed to be between 5 to 7 times higher than levels measured in the blood. (161- 
164) 

In the Safety Information Report for thimerosal, dated June of 1991, written by 
the pharmaceutical company that licensed the product (165), confirms that, "...the 
mercurial component has caused systemic effects in laboratory animals, including mild to 
serious mental retardation and compromises motor coordination." For those reasons, 
thimerosal was considered toxic and removed from vaccines for animals, in the year 
1992, in the U.S. But what was never explained is that, in the same document, in which 
it refers to human exposure, it states: ". . .the exposure to Hg in utero and in children can 
cause mild to severe mental retardation and cause mild to severe compromise to motor 
coordination." In addition, the Information Safety Report from Merck laboratories in 
Europe (166) also describe thimerosal as a product extremely toxic, dangerous to the 
ambient environment and damaging in its cumulative effects. 

The National Toxicology Program of the U.S. declares thimerosal as ". . .a poison 
to the oral, subcutaneous, intravenous tracks and possibly to other routes;" it classifies 
thimerosal as a laboratory carcinogen and teratogen, concluding that child exposure can 
result in "...mental retardation, loss of coordination in walking, speech and writing; 
stupor, irritability and severe disturbances of personality and behavior." (167) 
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For several years, the AAP knew about the harmfulness of mercurial exposure. In 
a technical report from the year 2001 (68), they conclude that: "the developing fetus and 
small children are disproportionately affected by the exposure to Hg, because of the fact 
that many aspects of development, particularly cerebral maturation, can be affected by 
the presence of Hg. To minimize the exposure to Hg is, therefore, essential to optimize 
the health of children." For these reasons, the AAP, since the year 1999, demands 
urgently for the reduction or elimination of vaccines that contain thimerosal as a 
preservative. (168) Two years later and to date, all of the vaccines included in the 
pediatric vaccination calendar stipulated by the AAP do not contain thimerosal (28), 
there is only the anti flu vaccine, the only child immunization used in the U.S. that still 
possesses high elevated quantities of Hg. 

A recent report of the Environmental Working Group, after an extensive 
investigation, has developed multiple connections between mercurial exposure - 
especially coming from child vaccines - and ASD, confirming the possibility that Hg is 
the factor that causes or contributes to these disorders. (169) 

5. Studies on fetal toxicology and reproductive health 

Thimerosal has been recognized recently, by the California EPA, Office of 
Environmental Health Assessment, as a developmental toxin, which means that it can 
cause congenital defects, low birth weight, biological and psychological dysfunctions, or 
behavioral disturbances, that can manifest in the early childhood; in addition, that 
maternal exposure during pregnancy can compromise the development or even cause 
fetal death. (167) A report conducted by that organization, in response to a petition by a 
pharmaceutical laboratory to declare thimerosal as harmless, concluded: ". . .The 
scientific evidence that demonstrates that thimerosal causes reproductive toxicity is clear 
and voluminous. Thimerosal breaks down in the body into ethylmercury. The evidence 
of its reproductive toxicity includes severe mental retardation and malformations in 
children that were exposed when their mothers received ethylmercury or thimerosal while 
they were in gestation. The studies in animals demonstrate toxicity in development after 
exposure to ethylmercury or thimerosal, and the data show the conversion into other 
forms of Hg that also clearly produce reproductive toxicity. 

Several laboratory studies, both in animals and in humans, have demonstrated that 
the exposure to thimerosal in specific stages of prenatal life carry as a consequence the 
passage of appreciable quantities of Hg across the placental barrier, resulting in 
significant fetal lethality and teratogenicity. (171) 

Vaccines for the prevention of tetanus, used in our midst contain 25 |ag of 
ethylmercury per dose; a fetus in development can, therefore, potentially receive 
extremely high doses of Hg that dramatically exceed the limits established by the EPA or 
the WHO (Table 3). It is also known that, the highest proportion of injected 
ethylmercury accumulates in fetal tissues in relation to the maternal organs, especially in 
the central nervous system. (172) All of these observations should cause even more 
concern, since although in our country the average concentration of Hg in the blood of 
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the umbilical cord of newborns has not been estimated, in the U.S., it has been reported 
that 7.8 to 15.7% of the cases studied showed hg values associated with reduction of 
intellectual coefficients. (173) 

Holmes and colleagues (93) determined that the mothers of autistic children had 
received approximately six times higher quantities of thimerosal, due to the exposure 
contained in human anti-D immunoglobulins, in relation to mothers whose children had a 
normal neurodevelopment; these authors suggest an important role of prenatal exposure 
to Hg in the later appearance of ASD. 

The studies in animals do not show different results. Gasett and colleagues (174) 
observed significantly more fetal deaths after the maternal exposure to thimerosal 
compared to control animals, indicating that, even topically, the preservative showed 
abortive properties. These discoveries were replicated by Itoi and colleagues (175), who 
demonstrated a range five times greater of fetal death when a topical solution of 
thimerosal was applied to the connective tissue of pregnant rabbits. In this same study, 
the congenital malformations occurred only in the group of animals exposed to the 
preservative (9.1% vs. 0.0%). Digar and colleagues (176) found four times greater 
mortality when 0.1 mg of thimerosol was injected in the vitalen sack of chicken eggs. 
They also observed serious malformations in 36% of the exposed embryos, but in none of 
the controls; these animal malformations included syndactilia, visceral ptosis, thinning of 
the abnominal wall and abnormalities in the growth of the wings and the body. 

Thimerosal also has the potential to decrease fertility. Batts and colleagues (177) 
documented that this substance was toxic to cyliary function, when it was topically 
applied over the trachea of sheep, indicating a potential pathological mechanism to 
compromise the reproductive capacity in women (fallopian tubes) and males (motility of 
sperm). In fact, this hypothesis has been proposed to justify the high incidence of 
infertility among adults who in their infancy suffered acrodynia, another entity caused by 
exposure to mercury. (178) Goncharuk (179) described a dose dependent rate of lethality 
in rats exposed to inhaled compounds of ethylmercury. In addition, the investigator 
reported that, when this form of organic Hg was administered to male rates before being 
cross-bred, a decrease in fertility was observed, not only in those who received it, but also 
in the two following generations. 

Inorganic Hg, another one of the metabolites of thimerosal, also has been shown 
to be genotoxic and to diminish reproductive capacity in several laboratory animals in 
vitro. (180) Kahn and colleagues (181) observed that fertility and survival were reduced 
in rats exposed to Hg chloride. These effects, including ovarian atrophy, were seen in the 
absence of systemic manifest toxicity, underscoring the necessity to conduct clinical 
studies to evaluate the prenatal risk of exposure to thimerosal. 

Also, studies have been done on the toxicity of thimerosal on human reproductive 
health. Heinonen and colleagues (182) demonstrated that topical exposure to thimerosal 
during pregnancy significantly increased the risk of congenital defects. 
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Reproductive toxicity and the damage to human fetuses from methylmercury have 
been widely studied and accepted. Some health authorities proclaim that methylmercury 
is more toxic than ethylmercury in thimerosal; but these conclusions are not based on 
scientific literature. (171) A laboratory study done on pigs found thimerosal 
significantly more toxic than methylmercury. (183) In addition, Leonard and colleagues 
(184) found that ethylmercury crosses the placenta more easily than methylmercury and 
was capable of causing mutagenic changes in the cells studied. 

Despite these multiple investigations, the U.S. FDA has never given preference to 
vaccines free of thimerosal over those that still contain it. In fact, even though since the 
year 1999, all of the medical and scientific organizations and government health 
authorities in the U.S. decided on the prompt and urgent removal of this preservative in 
their vaccines (185, 186), such a process never carried out in an adequate manner; there 
was no ending of the consumption and/or withdrawal of the vaccines containing 
thimerosal until the year 2003, which has been sharply criticized on the part of the U.S. 
Congress. (16) 

On this view, it has been commented that the history of acquired autism may 
perhaps end like the case of acrodynia, where the withdrawal of the causal substance (i.e., 
Hg contained in toothpastes) led to the disappearance of the disease and the subsequent 
identification of the etiologic cause. (122) It should be mentioned that it is estimated that 
only 1 of every 500 children exposed developed the disease, which reaffirms the concept 
that, besides the causal exposure, specific factors for vulnerability are required among 
children susceptible to the damage caused by Hg. More than 10 years after the 
suspension of this form of mercury exposure was needed so that medicine formally 
would recognize that this had been the agent responsible for the disorder. It is advisable 
to point out that much of the symptoms described in acrodynia are similar to those 
observed recently in children identified as autistic or with attention deficit syndrome. 

CONCLUSIONS AND RECOMMENDATIONS 

1. Mercury (Hg) has been considered the third most toxic element on earth, 
exceeded only by plutonium and uranium. Although, paradoxically, it has been used for 
medical purposes for a long time, the documentation of its toxicity has led to its gradual 
withdrawal from practically all medications and biological agents used nowadays. 

2. For some years, its large negative impact on human health has been 
demonstrated, especially in the most susceptible groups, such as fetuses and children. 
This is the reason why different experts and international health agencies have 
pronounced in agreement that the reduction or elimination of exposure to Hg, whether it 
comes from thimerosal in immunization or whatever other source, constitute measures of 
capital importance for the public health. 

3. For the past several years, the pharmaceutical company manufacturers of 
vaccines have developed alternative preservatives to thimerosal, which have shown 
efficacy and safety. 
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4. Gradually, all of the developed countries (U.S., E.U., Soviet countries) 
have withdrawn thimerosal from their vaccines for human beings. Those that have done 
so previously show incidence and prevalence rates of child neurodevelopmental disorders 
that are significantly lower in relation to those that have recently prohibited it and also, 
evidently, in relation to the countries like ours, in which this toxin has not yet been 
abolished. 

5. Recently, numerous scientific investigations have been conducted that 
have contributed multiple epidemiological, genetic, metabolic, biochemical, clinical and 
therapeutic evidence, both in human beings and in animal models, that implicate 
thimerosal and living measles, rubella and mumps contained in pediatric vaccines, as 
causal agents, triggering or aggravating child neurodevelopment disorders. 

6. Recently, it has been reported, through the use of diverse data sources, that 
the withdrawal and/or reduction of thimerosal in pediatric vaccines has been followed by 
a significant decline in the incidence of new cases of child neurodevelopmental disorders, 
including autism and language disorders. 

7. The quantities of organic Hg, still contained in some of the vaccines that 
are used in pediatric immunization programs in Peru, widely and significantly exceed the 
margins for maximum permitted exposure to organic mercurials for all of the public 
health agencies in the world, including the World Health Organization itself. 

8. Having presented the evidence in relationship to thimerosal and child 
neurodevelopmental disorders, we request to establish the legal framework and all of the 
financial and health conditions in order to withdraw thimerosal contained in some of the 
vaccines for human beings in Peru, in the most expedient and pressing way possible, and 
having as well making every necessary effort to minimize the environmental exposure to 
other mercurial sources and toxic chemical agents, given the profound significance to the 
health of our children. 

9. We request the urgent announcement for a meeting of experts, presided 
over by MINSA, in order to reevaluate the Expanded Program for Vaccinations of Peru, 
in which, in accordance with our current epidemiologic necessities, the policies for the 
most effective vaccination are discussed, but at the same time safer, in which we consider 
separately the immunization against measles, rubella and mumps, or in any case, the use 
of acellular vaccines for these illnesses. 

10. Children and pregnant mothers constitute the most exposed segments to 
these illnesses. The State must assume its responsibility in the duty toward the care of 
their lives and health, since they represent our most precious human resource, on which 
the future of our nation depends. 
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El timerosal y las enfermedades del 
neurodesarrollo infantil 
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Resumen Se evalua la relacion causal entre el timerosal (etilmercuno), como preservante en las vacunas 

pedidtricas, y el incremento de casos de enfermedades del neurodesarrollo infantil, como consecuencia 
de la ampliacion de los esquemas de inmunizjacion. Se reviso la informacion cientifica, relacionando 
el timerosal y las evidencias que permitan evaluar unaposible asociacion causal, con estudios 
epidemiologicos, ecologicos, biomoleculares y toxicologicos, de bioseguridad, toxicologicosfetales 
y sobre salud reproductiva. Se encontro multiples asociaciones entre la exposicion a timerosal y las 
enfermedades del neurodesarrollo infantil. Tal neurotoxicidad ocurre en los infantes yfetos de 
gestantes vacunadas por dosis acumulativa de mercurio. has diversas evidencias implican al 
timerosal como el agente causante, agravante o disparadorde las enfermedades del neurodesarrollo 
infantil. La toxicidad del mercurio obligo al retiro progresivo del timerosal de los medicamentos. 
Lamentablemente, en las vacunas, ha habido una sustancial demora en la demostracion de su 
impacto negativo. Actualmente, existen vacunas sin timerosal, cuyo uso estd ocasionando la 
disminucion de la incidencia de las enfermedades del neurodesarrollo infantil. 

Palabras clave Timerosal; autismo; enfermedades del sistema nervioso; desarrollo infantil; vacunas. 



Thimerosal and children's neurodevelopmental 

disorders 

Abstract 

The causal relation of thimerosal (ethylmercury), preservative in 
pediatric vaccines, and the increase of children's 
neurodevelopmental disorders as a result of the increase in 
immunization schemes is determined. The scientific information on 
timerosal and its influence on the child's neurodevelopmental 
disorders is reviewed. Evidences found in epidemiological, 
ecological, biomolecular, toxicology, biosecurity,fetal toxicology and 
reproductive health studies signal the possible causal association 
oftimerosal exposition and neurodeveloptnental disorders of the 
child. Such neurotoxicity occurs in infants andfetuses ofvaccinated 
pregnant women, due to mercury cumulative doses. The various 
evidences imply thimerosal as the causal agent, aggravating or 
triggering neurodevelopmental disorders of the child The mercury 
toxicity forced progressive thimerosal withdrawal. Unfortunately, 
there was a delay in demonstrating thimerosal negative impact. 
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Currently vaccines without thimerosal are causing less incidence of 
children 's neurodevelopmental disorders. 

Key words: Thimerosal; autism; nervous sistem diseases: child 
development; vaccines. 



INTRODUCCION 

En el ano 2004, la American Academy of Pediatrics (AAP) 
y el Department of Health and Human Services de los Esta- 
dos Uiiidos de Norteamerica (EE.UU.) lanzaronuna aler- 
ta epidemica, impresionados por el numero cada vez mas 
alarmante de casos de autismo y otros desordenes difusos 
del neurodesarrollo infantil, senalando que para entonces 1 
de cada 6 niiios norteamericanos tenia una trastorno del 
desarrollo o de la conducta y que 1 de cada 166 niiios tenia 
un desorden del espectro autista (DEA). 

Tales entidades conforman actualmente un grupo hetero- 
geneo de enfermedades, donde se incluye, ademas del 
autismo propiamente dicho, el sindrome de Rett, el sindro- 
me de Asperger y el desorden generalizado del desarrollo 

Multiples trabajos han mostrado un extraordinario au- 
mento de casos de DEA desde mediados de la decada de 
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los 80 (^ '0. De acuerdo a una investigacion Uevada a cabo 
por la Casa de Representantes del Congreso de los EE.UU. , 
en dicho pais la epidemia mostro un ritmo de crecimiento 
anual de 10 a 17% , hasta el ano 2003 {'"). 

Los datos estadisticos del US Department of Education 
2002 muestran que, a fines de los anos 60 tan solo se habi'a 
comunicado sobre 919 casos nuevos de autismo en todo el 
territorio de los EE.UU. ; sin embargo, desde la decada de 
los 80, el crecimiento fue continuo y adopto una curva 
exponencial, de modo que para los comienzos de los aiios 
90 el numero de casos nuevos habia ascendido a 6 785 y 
llego a casi 100 000 en el aiio 2002, lo cual representaba un 
aumento de 700% en apenas 10 anos ("). En lo que se 
refiere a los estimados de prevalencia, durante los aiios 40 
en dicho pais se habia registrado una tasa de autismo de 1 
por cada 10 000 niiios; en el aiio 1977 fue de 1 por cada 2 
500; en 1985, aumento a 1 cada 1 133; en 1998, se incremento 
a 1 por cada 323 y, el aiio 2004, alcanzo la impresionante 
cifra de 1 por cada 166 ninos C^'**). 

Dichas estadisticas convertian a los DEA en la mayor 
epidemia de enfermedades mentales jamas observada, en 
la historia de los EE.UU. , significando mas casos que en- 
fermedades, tales como el sindrome de Down, la diabetes 
mellitus tipo 1 y el cancer pediatrico (**). 

Si bien en nuestro medio aiin no disponemos de datos 
estadisticos que estimen la magnitud de este problema, 
varios paises en todo el mundo simultaneamente han notifi- 
cado incrementos similares. En la China, por ejemplo, donde 
los DEA eran practicamente desconocidos, coincidiendo 
con la introduccion de las compaiiias norteamericanas pro- 
ductoras de vacunas, a partir del ano 1999, se ha informado 
sobre 1,8 millones de ninos autistas recientemente diag- 
nosticados; asimismo, los DEA tambien se han 
incrementado significativamente en la India, Nicaragua, 
Argentina y en otros paises en vias de desarrollo, durante 
losultimos anos ("). 

El hecho de observar tan impresionante aumento de ca- 
sos, como el descrito, descartaba definitivamente la hipo- 
tesis de que estas enfermedades fueran debidas exclusiva- 
mente a un trastorno genetico, pues dichas condiciones tar- 
dan muchos anos en desarrollarse y nunca alcanzan cifras 
epidemicas, salvo exposiciones ionizantes o catastrofes 
nucleares. 

Algunos investigadores adujeron que tal fenomeno po- 
dria deberse a cambios y mejoras en los criterios de diag- 
nostico. Sin embargo, a pesar que desde el ano 1994 se 
comenzo a aplicar en los EE.UU. y en todo el mundo los 
criterios del DSM IV {Diagnostic and Statistical Manual 
4"' Ed.), como fuente obligatoria para el diagnostico de las 
enfermedades mentales, el numero de casos nuevos identi- 
ficados como DEA continuo aumentando significativamente, 
hasta el aiio 2001 0; asimismo, multiples trabajos hanen- 
contrado que factores, como fenomenos migratorios o me- 
joras en las herramientas de diagnostico, no explican el 



incremento de los casos y que la epidemia es genuina 

/8,11,13,15,16,20,21\ 



ROL DE LAS VACUNAS SOBRE LA EPIDEMIA 

Historicamente, hasta antes del ano 1980, al menos las 
dos terceras partes de los ninos autistas mostraban serios 
problemas neurologicos poco despues de su nacimiento. No 
obstante, durante el periodo 1980-1985, mientras la inciden- 
cia de los DEA claramente aumentaba en todo el mundo, 
simultaneamente comenzo a describirse una nueva forma de 
autismo, denominada tardia o de regresion, en donde los 
ninos afectados mostraban notables cambios en la perdida de 
sus relaciones sociales, lenguaje y comportamiento, entre el 
primer y segundo ano de vida. Para 1985, la ocurrencia de 
autismo de regresion habia ya igualado a la del autismo des- 
de el nacimiento, sugiriendo que esta variante adquirida de 
la enfermedad sobrepasaba los tipos debidos a problemas 
geneticos o errores innatos del metabolismo (-). 

Desde aquellos anos, los padres de los ninos autistas (y 
eventualmente sus medicos) comenzaron a comunicar a las 
autoridades de salud de los EE.UU., que el inicio de los 
sintomas autisticos de sus hijos coincidia o aparecia poco 
despues de la aplicacion de sus vacunas. Para entonces, el 
Autism Research Institute (ARI) de San Diego, California, 
habia observado tambien un cambio significativo: la mayor 
parte de los ninos mostraba cambios conductuales a la edad 
promedio de 18 meses, al terminar de recibir el mayor nu- 
mero de sus inmunizaciones, a diferencia de lo que habia 
venido ocurriendo clasicamente durante las decadas pasa- 
das, en donde los sintomas de la enfermedad aparecian des- 
de los primeros meses de vida de los ninos afectados ('**). 

Aiin mas, una investigacion reciente documenta a traves 
de la evaluacion de cintas de video caseras, que los cam- 
bios patologicos en la comunicacion, afectividad, relacio- 
nes sociales, conductas repetitivas y las formas de juego 
infantil, claramente se manifiestan entre los 12 y 24 meses 
de edad en los ninos que posteriormente son diagnosticados 
dentro de los DEA C). 

De acuerdo a los estudios del ARI, para el ano 1997, el 
autismo de inicio tardio o de regresion habia alcanzado por 
lo menos el 80% del total de casos. A pesar de los cambios 
en los criterios de diagnostico antes seiialados, el creci- 
miento exponencial de la enfermedad sugiere que este fe- 
nomeno no es debido a errores innatos del metabolismo, 
sino mas bien a una condicion adquirida (-"). 

Asimismo, diversos estudios notaron que la curvas de 
incremento de los casos de DEA coincidian con el aumen- 
to del numero de vacunas pediatricas y sus respectivos re- 
fuerzos, estando directamente relacionadas a las dosis de 
exposicion total al timerosal, un preservante y antiseptico 
compuesto enun 49,6% por una forma de mercurio (Hg) 
organico, denominado etilmercurio, contenido en la mayo- 
ri'a de ellas (-^ -''). 
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Capacidad antioxidante de la sangre de grado (Croton palanostigma) 



El timerosal o [(etilmercuri)tio] 2 benzoato de sodio (acido 
etilmercuritiosalicilico), cuya formula molecular es 
CgHgHgNaO^S (Figura 1), se disocia en el organismo en 
etilmercurio y tiosalicilato, siendo un compuesto quimico 
altamente inestable. Debido a su gran liposolubilidad, pue- 
de atravesar facilmente la barrera hematoencefalica y la 
placentaria, exliibiendo un corto tiempo de vida media en 
la sangre. Puede depositarse en el sistema nervioso cen- 
tral, donde posteriormente se transforma en Hg inorgani- 
co, el cual se acumula en el cerebro humano y animal, 
mostrando un tiempo de vida media entre 227 y 540 dias. 
El Hg organico puede tambien unirse al glutation y a otras 
proteinas plasmaticas, como la metalotioneina, proteinas 
que tienenunpapel protector, evitando el transporte de Hg 
fuera de las celulas. Sobre la base de la limitada informa- 
ciondisponible, se ha concluido que los efectos nocivos del 
etilmercurio pueden ser similares (o incluso peores) a los 
del metilmercurio, otro mercurial organico de documenta- 
da neurotoxicidad. 




^>5vj^coo-Na+ 



Tiosalicilato Mercurio 



CH3 

(1) 
MetU 



CH2CH3 
(2) 
EtU 



Metil mercurio 

Etil mercurio (timerosal) 



Nacidos 1950 - 1970: 
Nacidos 1971 - 1975: 
Nacidos desde 1992: 



Figura 1 . Estructura quimica de los mercuriales organicos. 

Se ha estimado que, si un nino nacido en los EE.UU. 
recibia todas las dosis establecidas de vacunacion dentro 
de sus primeros 6 meses de edad, los valores de exposicion 
a Hg habian aumentado de manera significativa con el co- 
rrer del tiempo (-'*): 

50 |J,g de Hg. 

75 M-g de Hg. 

187,5 lag deHg. 

En otras palabras, las dosis de Hg recibidas tan solo en los 
primeros seis meses de vida se habian elevado mas de tres 
veces enmenos de 20 anos, debido al aumento del numero de 
inmunizaciones aprobadas por la AAP y aceptadas tanto por 
el US Centers for Disease Control and Prevention (CDC), 
como la US Food and Drug Administration (FDA) de los 
EE.UU. Aun mas, a los 18 meses de edad, la exposicion 
mercurial ascendia a 237,5 microgramos (|J,g) y, si 
adicionalmente se aplicaba tres vacunas contra la influenza 
hasta el ano y medio de vida, tal como era sugerido en algu- 
nos grupos poblacionales, entonces la exposicion total a Hg 
podria haber sido tan alta como 275 |ag (-^-^o). 



Dado que los estudios observacionales mostraban una 
correlacion directa entre las tasas de incidencia de DEA y 
la exposicion mercurial de las vacunaciones, asi como tam- 
bien multiples evidencias clinicas y de laboratorio simila- 
res fueron encontradas entre estas enfermedades y la in- 
toxicacion por Hg, Bernard S. y col. (^') fueronlos prime- 
ros en establecer formalmente una relacion causal. 

Por otro lado, se ha seflalado que los elevados rangos de 
frecuencia de DEA en zonas urbanas, en relacion a las 
rurales, tambien son consistentes con una asociacion am- 
biental geografica C'"); mas aun considerandose que, 
concomitantemente a la mayor exposicion al timerosal de 
las vacunas, mundialmente se ha reportado una mayor ex- 
posicion ambiental a diversos metales pesados, especial- 
mente al Hg {^*-^^). En el Peru, dicha contaminacion am- 
biental podria ser mayor en zonas rurales mineras ubica- 
das en la sierra del pais; en tanto que, en los niiios de la 
costa, la mayor exposicion mercurial estaria asociada a 
las vacunas conteniendo etilmercurio. 

Actualmente, si bien se acepta que pueden presentarse 
casos de sobreposicion entre ambos, dos tipos principales 
de autismo han sido descritos (-"*): 

• Tipo I (clasico o desde el nacimiento): ocasionado por 
un desorden metabolico severo , debido a un error innato del 
metabolismo, con asociaciones geneticas. En los niiios afec- 
tados, las caracteristicas autisticas aparecen prontamente 
en la vida, acompanadas muchas veces de otras alteraciones 
clinicas, que incluso pueden ser mas dramaticas. Se ha men- 
cionado al menos dos docenas de condiciones asociadas en la 
literatura: smdrome de Le cri-du-chat, sindrome de Prader- 
Willi, sindrome de Angelman, sindrome de Rubenstein-Taybi, 
sindrome de Smith-Magenis, sindrome de Rett, histidinemia, 
enfermedad de Lesch-Nyhan, sindrome de fragilidad del 
cromosoma X, esclerosis tuberosa, neurofibromatosis tipo 
1, fenilcetonuria, entre otros C'''^^). 

• Tipo II (adquirido o de regresion): forma relativa- 
mente nueva, responsable primaria del aumento exponencial 
de casos de autismo en el mundo. Esta variante supone una 
predisposicion genetica, pero es determinada por exposi- 
ciones toxicas (metales pesados) e inmunologicas 
(vacunaciones con virus vivos atenuados). Si bien es cierto 
que, siempre estuvo presente en alguna medida, se ha con- 
vertido en la forma mas prevalente, debido al aumento y 
severidad de dichos factores de exposicion (^'). 

Se ha seiialado que estas dos clasificaciones podn'an ser 
arbitrarias, cuando los desordenes metabolicos de origen 
genetico son casi de igual severidad que los efectos de las 
injurias adquiridas. Pero, esta muy claro que los casos de 
autismo tipo I constituyen ahora una pequena minoria y que 
la mayor parte de casos, incluso 19 de cada 20, no hubieran 
mostrado manifestaciones de autismo si no hubieran sido 
expuestos a uno mas factores disparadores. De acuerdo a 
este concepto, a mayor exposicion toxica y/o inmunologica, 
mayores fallas se observara en el neurodesarrollo, habien- 
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dose comprobado variaciones individuales determinadas por 
diferencias geneticas, el estado inmunologico, condiciones 
psicologicas y el estado nutricional (-"'). 

Basados en mas de 30 anos de investigacion, el ARI ha 
determinado que tales injurias condicionantes de las enfer- 
medades del neurodesarrollo infantil son (-''): 

1 . El uso de Hg organico (timerosal) como preservante en 
las vacunas pediatricas, las cuales se incrementaron en nii- 
mero y frecuencia durante la aparicion de la epidemia de 
DBA y otras enfermedades del neurodesarrollo infantil en 
los EE.UU. , asi como su interaccion con otras toxinas con- 
tenidas en las vacunas, como el aluminio y el formaldeWdo. 

2. El incremento del niimero de vacunaciones y sus res- 
pectivos refuerzos, via las dosis multivalentes, especial- 
mente la vacuna contra el sarampion contenida en la com- 
binacion triple viral sarampion-rubeola-paperas (■*"-"). 

3. Las multiples inmunizaciones dadas tempranamente 
en la infancia a los recien nacidos y lactantes menores de 
seis meses (tal como la vacuna contra la hepatitis viral B), 
administradas antes de que se adquiera suficiente madura- 
cion metabolica y capacidad inmunologica i^*). 

4. El aumento de la contaminacion ambiental, dado por 
la presencia de metales pesados, pesticidas, herbicidas, 
fungicidas, percloratos, quimicos de uso militar, etc. ; con- 
dicionando mayor exposicion a metales pesados y sustan- 
cias quimicas toxicas {^^-^. 

5. El uso de antimonio como agente no inflamable en las 
ropas infantiles enalgunas zonas de los EE.UU. donde las 
casas son de madera y la ley americana obligaba a la utili- 
zacion de pijamas con dicho material. 

6. La disminucion de la calidad de la nutricion durante 
el embarazo y la primera infancia, especialmente por la 
disminucion de la lactancia materna y su sustitucion por 
formulas lacteas artificiales. 

7. El uso de sustancias de abuso antes o durante la gesta- 
cion ("■'*-). 

CONTENIDO DE MERCURIC CRGANICC EN 
LCS ESQUEMAS DE VACUNACION PERUANOS 

Varias agendas de salud internacionales han desarrolla- 
do guias para establecer los niveles de maxima exposicion 
permitidos a metilmercurio (otra forma de Hg organico 
contenido basicamente en el agua y los alimentos, previa- 
mente mejor y mas extensamente estudiado y que histori- 
camente ha servido de comparacion con el etilmercurio 
del timerosal). Estas incluyen a la US Environmental 
Protection Agency (EPA 1997), la US Agency for Toxic 
Substances and Disease Registry (ATSDR 1999), la US 
FDA {Federal Register 1979) y la Organizacion Mundial 
de la Salud (OMS 1996). Dichos niveles de maxima expo- 
sicion varian desde 0, 1 microgramos por kilogramo de peso 
diarios (mg/kg/dia) de la EPA, hasta 0,47 mg/kg/dia esta- 
blecidos por la OMS (-*'■'*') , segun se muestra en la labia 1 . 



Tabla 1. Niveles maximos permitidos de exposicion oral 
a metilmercurio.' 



Oficina 


Exposicion oral diaria 


Li'mites de exposicion oral 




maxima permitida 


acumulativa promedio, 






(lig/kg) 


calculada para ninos menores 
de seis meses * (|igr) 


EPA 




0,1 


65- 106 


ATSDR 




0,3 


194-319 


FDA 




0,43 


259 - 425 


OMS 




0,47 


305-501 



Ball L. et. al. Pediatrics, 2001. 
' Percentiles de peso corporal 5"' - 95"' . 

EPA (US Environmental Protection Agency), FDA (US FoodAnd 
Drug Administration), OMS (Organizacion Mundial de la Salud), 
ATSDR (Agency for Toxic Substances and Disease Registry). 

El rango amplio recomendado se debe a margenes de se- 
guridad variantes, diferencias en los enfasis puestos en las 
fuentes de los datos, los diferentes objetivos de las agendas 
y el tipo de poblacion a la cual la guia esta dirigida a prote- 
ger. Todas las guias, sin embargo, caenenel mismo orden 
de magnitud. Si bien es cierto estas guias pueden ser usadas 
como referencias para evaluar la maxima exposicion permi- 
tida a Hg organico, no necesariamente son valores li'mites 
sobre los cuales se presentara toxicidad (-**) . Sin embargo, si 
los niveles de exposicion sobrepasan los li'mites de varias de 
estas gui'as, existe consenso por parte de las organizaciones 
de salud piiblica antes citadas, de que pueden ocurrir conse- 
cuencias adversas contra la salud f '). 

Para aclarar las discrepancias entre las diferentes guias 
de exposicion, el Congreso de los EE.UU. encargo a la 
National Academy of Sciences de ese pais, la realizacionde 
unestudio sobre los efectos toxicologicos del metilmercurio, 
con el objeto de que ofrezca recomendaciones en el estable- 
cimiento de la dosis de referenda cienti'ficamente mas apro- 
piada C^). Dicho reporte concluyo que la actual dosis de 
referenda de la EPA era el nivel cienti'ficamente justifica- 
ble mas adecuado para la proteccion de la salud humana, es 
decir 0, 1 |j,g/kg/di'a. Debido a que, a pesar de mas de 70 aiios 
de vacunaciones con timerosal, no se cuenta en la actualidad 
con datos definitivos que comparen la toxicidad del 
etilmercurio vs. la del metilmercurio; la US FDA considera 
a ambos como equivalentes en la evaluacion del riesgo (-**). 

Las vacunas para seres humanos contienen concentracio- 
nes de timerosal desde 0,001 % (1 parte en 100 000) hasta 
0,01 % (1 parte en 10 000). El timerosal es un compuesto 
constituido practicamente en 50% por etilmercurio; por lo 
tanto, aquella vacuna conteniendo 0,01 % de timerosal como 
preservante, tiene 50 |j,g de timerosal por dosis de 0,5 
mililitros (mL) o aproximadamente 25 |J,g de etilmercurio 
por dosis de 0,5 mL (-**). El contenido de Hg organico, bajo 
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la forma de etilmercurio, en las vacunas disponibles ac- 
tualmente en el Pern se muestra en la Tabla 2. 

La gran mayoria de las vacunas pediatricas empleadas 
en nuestro medio utilizan las dosis mas altas permitidas de 
etilmercurio (25 |ag en cada una de ellas). Dichas 
inmunizaciones son: la vacuna contra la difteria-pertussis- 
tetanos (DPT), la del Haemophilus influenzae tipo B (Hib), 
la de la hepatitis viral B (HvB), la de la influenza y la 
vacuna contra el meningococo. 

La Tabla 3 muestra el esquema actual de vacunaciones 
establecido por el Ministerio de Salud del Peru (Minsa), el 
peso promedio de un niiio peruano en las diferentes edades 
en las que es inmunizado, los niveles de maxima exposi- 
cion mercurial permitidos segiin la EPA y la OMS en los 
cuales es vacunado y los niveles de sobreexposicion co- 
rrespondientes a los que es sometido empleandose vacunas 
que contienen 25 [ig de etilmercurio. Notese que las 



inmunizaciones administradas durante el embarazo, al na- 
cimiento y a los tres meses de edad superan largamente 
todos los niveles de maxima exposicionestablecidos, mien- 
tras que a los 2 y 4 meses de edad, sobrepasan los niveles 
de referenda de la EPA. 

Es de notar que el Minsa incluye solo a la Hib acelular en 
sus esquemas de vacunacion, la misma que carece de Hg. 
Recientemente, retiro las dos dosis de DPT, antes emplea- 
das a los dos y cuatro meses de edad, por una vacuna 
pentavalente (DPT + Hib + HvB), que se prepara a partir 
de la combinacion de dos vacunas: la Tritanrix HB (DPT + 
HvB) que contiene tan solo trazas de Hg (aproximadamente 
3 |j,g, de acuerdo al productor) y la Hiberix (Hib acelular), 
que no contiene Hg. Gracias a estos cambios, la dosis total 
de etilmercurio recibida en los primeros cuatro meses de 
vida de un niiio peruano se ha reducido a 56 |j,g, de acuerdo 
al calendario actual de vacunaciones del Minsa. 



Tabla 2. Relacion de vacunas registradas en el Peru, que contienen timerosal como preservante.' 



Descripcion 



Concentracion timerosal 



Equivalencia gr% 



Vacuna 



Agripal 

Anatoxal Di Te Berna adultos 

Anti-D 250 ^g/2 mL 

Anti-D 250 VVl mL 

Anti-D 250 UI/2,5 mL 

Biovac-B200|ig/I0mL 

Euvax-B pediatrico 10 |ig/0,5 mL 

Euvax-B adulto 20 |ig/0,5 mL 

Fluarix 

GeneVac-B 10ug/0,5mL 

Gene Vac-B 20 ug/mL 

Heberbiovac Hib 0,05 mg/mL 

Heberbiovac Hib 10 |igr/0,5 mL 

Hepavax-Gene 10 |igr/0,5 mL 

Hepavax-Gene 20 |igr/0,5 mL 

Imovax DT adulto 

Inflexal Berna V 

Revac-B 10|igr/0,5mL 

Revac-B 20 |igr/0,5 mL 

Resuman Berna 300 |igr 

Tritanrix HB 

Toxoide tetanico absorbido 

Va-Meningoc-BC 

Vacuna absorbida antidifterica, antitetanica y contra la tos ferina 

Vacuna absorbida antidifterica y antitetanica/Adultos y adolescentes 

Vacuna recombinante antihepatitis B 20 |igr/mL 

Vaxigrip 



0,05 mg/0,5 mL 


0,01 


Influenza 


0,05 mg/0,5 mL 


0,01 


Difteria 


200 ngr/2mL 


0,01 


Ig anti-D 


200 ngr/2 mL 


0,01 


Ig anti-D 


250 ngr/2 mL 


0,01 


Ig anti-D 


0,50mg/10mL 


0,005 


HvB 


0,01% m/v 


0,01 


HvB 


0,01% 


0,01 


HvB 


0,0025 mg/0,6mL 


0,0005 


Influenza 


0,025 mg/0,5 mL 


0,005 


HvB 


0,05 mg/mL 


0,005 


HvB 


0,05 mg/mL 


0,005 


HvB 


0,025 mg/0,5 mL 


0,005 


HvB 


0,01% p/v 


0,01 


HvB 


0,01% p/v 


0,01 


HvB 


0,05 mg/0,5 mL 


0,01 


DT 


50 |igr/0,5 mL 


0,01 


Influenza 


0,025 mg/0,5 mL 


0,005 


HvB 


0,05 mg/mL 


0,005 


HvB 


0,1 mg/mL 


0,01 


Ig anti-D 


6 Jxgr/0,5 mL 


0,0012 


Hib 


0,1 mg/mL 


0,01 


T 


0,05 mg/0,5 mL 


0,01 


Meningococica 


0,01% 


0,01 


DPT 


0,01% 


0,01 


DT 


0,1 mg/mL 


0,01 


HvB 


22|igr/1000mL 


0,0000022 


Influenza 



Colegio Medico del Peru (fecha de elaboracion: noviembre del 2005). 
HvB (hepatitis viral B), Hib (Haemophilus influenzae tipo B), DPT (difteria, pertussis y tetanos), DT (difteria y tetanos), T (tetanos), 
Ig anti-D (inniunoglobulina humana anti-D). 
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Tabla 3. Esquema de vacunacion Minsa 2005-2006, contenido de etilmercurio en las vacunas 
y niveles de sobreexposicion mercurial. 



Fecha de 
aplicacion 


Peso promedio 

del vacunado 

(kg) 


Dosis de maxima 

exposicion (|igr) 

segiinEPA* segiinOMS' 


Vacuna 
administrada 


Contenido de 

etiknercurio 

(^gr) 


Sobre- 
exposicion 
segun EPA segiin OMS 


Embarazo 


1,00 


0,1 


0,470 


Tetanos 


25 


200 veces' 




42,4 veces- 


Nacimiento 


3,00 


0,3 


1,410 


BCG 
HvB 




25 



83 veces 





18 veces 


Dos meses 


4,35 


0,435 


2,045 


Pentavalente 
Polio oral 


3 



6,9 veces 





1,5 veces 



Tres meses 


5,15 


0,515 


2,421 


DPT 

Hib acelular 
Polio oral 


25 




49 veces 






10,3 veces 




Cuatro meses 


5,95 


0,595 


2,797 


Pentavalente 
Polio oral 


3 



5 veces 





1,1 veces 



Doce meses 


10,0 


1,000 


4,700 


SRP 
Fiebre amarilla 


















Basado en la referenda de la EPA de 0,1 jlgrAg/dia. 
' Basado en la referenda de la OMS de 0,47 fXgr/kg/dia. 

* Basado en la acuniuladon preferendal 4: 1 de Hg en la sangre del cordon umbilical. US Environmental Protection Agency. Integrated 
Risk Information System, abril del 2006. 

BCG (yuberculosis), HvB (hepatitis viral B), DPT (difteria, pertussis y tetanos), Hib (Haemophilus influenzae tipo B), Pentavalente 
(DPT + Hib + HvB), SRP (sarampion, rubeola y paperas). 



Sin embargo, en centres de vacunacion privados se con- 
tinua empleando multiples inmunizaciones, con vacunas que 
contienen dosis altas de Hg. Por ejemplo, si se aplicara 
simultaneamente las vacunas DPT, Hib y HvB el mismo 
di'a, sumarian una exposicion total de 75 |J,gr de Hg; por lo 
tanto, segun la EPA el niiio deberia pesar 750 kg y de acuer- 
do a la OMS el nino deberia pesar 159 kg, para no exceder 
los mayores margenes permitidos correspondientes. 

Asimismo, se aplica dos tipos de vacunas a las gestantes 
peruanas, conteniendo grandes cantidades de etilmercurio. 
Eventualmente, se requiere emplear las inmunoglobulinas 
humanas anti-D, para prevenir la hemolisis por incompati- 
bilidad sanguinea en el recien nacido de las madres porta- 
doras del factor sangui'neo Rh negativo. Sin embargo, 
rutinariamente se administra la vacuna antitetanica (toxoide 
tetanico absorbido) en dos dosis, a partir del cuarto mes 
del embarazo; cada dosis contiene 25 \x.g de etilmercurio 
adicionales, los mismos que se inyecta enunperiodo muy 
susceptible de la vida fetal. Dado que, las concentraciones 
mercuriales en la sangre fetal han resultado ser 4,3 veces 
mayores que las encontradas en la sangre materna C*^, la 
exposicion fetal a Hg de estas vacunas supera 200 y 42 
veces las referencias maximas permitidas, de acuerdo a la 
EPA y la OMS, respectivamente(Tabla3). Cabe resaltar 



que, tales inmunizaciones se aplica sobretodo a poblacion 
urbana, cuyos partos ocurren en centros medicos que re- 
linen condiciones optimas de esterilidad, lo cual limita 
significativamente el riesgo de tetanos neonatal a niveles 
practicamente inexistentes. 

A pesar de los impresionantes niveles de sobreexposicion 
observados y para mayor preocupacion, se debe considerar 
adicionalmente los siguientes puntos: 

1 . Los niveles de exposicion antes mencionados estan 
dados linicamente por el contenido de Hg en las vacunas y 
no considera otras fuentes de exposicion mercurial, tales 
como los alimentos (en especial, el pescado), la leche 
materna, el agua u otras fuentes de contaminacion del 
ambiente. La European Medical Evaluation Agency (EMEA) 
ha estimado que dichas fuentes, fuera de las vacunas, re- 
presentan entre 80 y 100 |J,gr adicionales de Hg por aiio {'^^). 
Asimismo, estudios hechos en el Canada han estimado que 
las vacunas conteniendo timerosal representan solamente 
el 50% de la exposicion mercurial a la que los ninos son 
sometidos tan solo durante su primer ano de vida ("). 

2. Los niveles de maxima exposicion recomendados fiae- 
ron establecidos para la exposicion oral a mercuriales or- 
ganicos; es de esperar que, si estos se administra por via 
parenteral (como es el caso de las vacunas), la exposicion 
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sea incluso mayor, pues los niveles pico sangumeos apare- 
cenmucho mas rapidamente. 

3. Dichos rangos de maxima exposicion permitidos han 
sido establecidos para adultos con un peso promedio de 70 
kg; se sabe que los fetos en desarroUo y los ninos pequenos 
son mucho mas susceptibles a la toxicidad mercurial con 
respecto a los adultos, en proporcion al peso o la superficie 
corporal C^**). 

4. Ultimamente, se dispone de datos que muestranque el 
etilmercurio del timerosal tiene menor tiempo de vida en 
la sangre, pues su mayor liposolubilidad le otorga mayor 
capacidad para atravesar la barrera hemato-encefalica en 
relacion al metilmercurio, depositandose siete veces mas 
en el sistema nervioso central, como Hg inorganico (consi- 
derado la forma mercurial mas toxica de todas) C^'). 

EVroENCIAS 

1. Estudios epidemiologicos 

En los EE.UU., se ha conducido seis grandes estudios 
epidemiologicos poblacionales en forma retrospectiva, que 
evaluaron la asociacion entre el timerosal contenido en las 
vacunas pediatricas y los DEA. De ellos, cinco investiga- 
ciones encontraron que si existia relacion causal entre la 
exposicion a timerosal y las enfermedades del 
neurodesarroUo infantil (-5--7™-7i)^ mientras que uno con- 
cluyo finalmente que no podia aceptar ni rechazar dicha 
hipotesis C"). 

Otros estudios epidemiologicos (" ") conducidos fuera 
de los EE.UU. no han mostrado una asociacion aparente. 
Sin embargo, en todos ellos se evaliia menores cantidades 
de exposicion mercurial en las vacunas, siendo estas la 
tercera parte de las cantidades administradas en los EE.UU. 
En efecto, las dosis totales de exposicion al etilmercurio 
en las vacunas pediatricas en el Reino Unido, Suecia y 
Dinamarca de 75 |ag, 75 |ag y 125 |J.g, respectivamente, 
distan bastante de los 237,5 |ag de potential maxima expo- 
sicion, de acuerdo al calendario de inmunizaciones norte- 
americano. Precisamente, se ha seiialado este punto como 
una de sus principales limitacionesO. Asimismo, dado 
que al parecer es muy importante considerar el momento 
exacto de ocurrida la exposicion en relacion a la madura- 
cion cerebral, los expertos tambien han notado que, en los 
paises donde se ha efectuado estos estudios, los esquemas 
de vacunacion difieren grandemente de los calendarios de 
inmunizacion establecidos en los EE.UU. , por lo que sus 
conclusiones no pueden extrapolarse a otros paises C')- 
Finalmente, se ha hecho notar que el poder estadistico de 
todos ellos no ha sido validado adecuadamente, por lo que 
su capacidad para detectar condiciones poco comunes, como 
las estudiadas en estas largas cohortes poblacionales, es 
bastante limitada. Ninguno de los estudios referenciados 
ha estimado dicho poder estadistico ni definio la forma 
como establecieron el tamaiio de sus muestras C****'). 



Los DEA en los EE.UU. , con 60 por 10 000 niiios (1 por 
cada 166) actualmente afectados, son mucho mas 
prevalentes que en los paises del norte de Europa, como 
Dinamarca, uno de los paises donde el US CDC decidio 
realizar varios de sus estudios epidemiologicos C"*") que 
no han mostrado asociacion. En dicho pais, el timerosal 
fue retirado de las vacunas en 1992 y en la actualidad re- 
porta 7,7 autistas por 10 000 ninos (1 por cada 1 300). A 
pesar de ello, los autores no han sabido justificar tan im- 
portantes diferencias epidemiologicas. Otros investigado- 
res tambien han observado que, dadas las grandes diferen- 
cias entre el esquema de vacunacion pediatrico danes y el 
norteamericano, las conclusiones de tales investigaciones, 
incluso si fueran relevantes para Dinamarca, ciertamente 
no son aplicables en los EE.UU. (**-). 

El primer (y lastimosamente linico) gran estudio oficial 
realizado por el US CDC en mas de 70 aiios de liistoria de 
las vacunaciones, fue conducido por Verstraeten T. y col. , 
utilizando la Vaccine Safety Datalink (VSD) , el registro mas 
grande de datos relacionados a la salud y las inmunizaciones 
en los EE.UU. ('-). La investigacion se inicio el ano 1997, 
siendo sus resultados iniciales presentados tres anos despues 
en forma reservada y confidencial, en junio del 2000, en el 
Centro Simpsonwood, de Georgia. De acuerdo a las trans- 
cripciones obtenidas gracias a una solicitud apelando al Acta 
por la Libertad de Informacion de los EE.UU. f 0, a dicha 
conferencia asistieroniinicamente 52 personas: autoridades 
de la QMS, del US CDC, de la US FDA, expertos en vacu- 
nacion de entonces y representantes de las cuatro compaiMas 
fabricantes de vacunas de los EE.UU. (GlaxoSmithKline, 
Merck, Wyeth y Aventis Pasteur). Tales resultados nunca 
fueron publicados oficialmente. No obstante, de acuerdo a 
las transcripciones de la conferencia, los autores encontra- 
ron relacion causal estadisticamente significativa entre la 
exposicion mercurial contenida en las vacunas, a los tres 
meses de edad, tanto con el autismo como con el smdrome 
de deficit de la atencion, entre otras enfermedades del 
neurodesarroUo infantil. El CDC decidio mantener en re- 
serva tal informacion y ordeno a los autores continuar traba- 
jando con los datos de la VSD. Despues de tres anos adicio- 
nales, luego de multiples cambios en el diseno y la metodo- 
logia del estudio, los resultados fueron publicados finalmen- 
te en la revista Pediatrics, organo oficial de la AAP, 
rectificandose de sus conclusiones iniciales y rechazando la 
relacion causal. 

La publicacion de este estudio ha recibido el mayor nii- 
mero de criticas y sospechas de falta de independencia, 
por diferentes organizaciones americanas de lucha contra 
el autismo y la comunidad autista en general, de los EE.UU. 
Curiosamente, el autor principal de la investigacion 
(Verstraeten) fue contratado por una de las compaiUas far- 
maceuticas norteamericanas antes citadas, mucho antes de 
la publicacion final de su investigacion, y conducido fuera 
de los EE.UU. , a Belgica. Asimismo, en una Carta al Edi- 
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tor, aparecida en Pediatrics un ano despues de publicado 
su estudio (**"'), Verstraeten contradice las conclusiones de 
su propia investigacion; afirmando que, en realidad, su es- 
tudio finalmente concluyo en un resultado neutro, es decir, 
que no pudo aceptar pero tampoco pudo rechazar la asocia- 
cion causal. 

Desde el ano 2000, el US CDC habia encriptado la data 
de la VSD, restringiendo su analisis por investigadores 
independientes. Se requirio de la intervencion de un Comi- 
te de la Casa de Representantes del Congreso de los EE.UU. 
("*) para permitir por primera vez el acceso a dicha fuente 
de datos a investigadores que no se encuentren relaciona- 
dos a ninguna oficina federal norteamericana ni a las com- 
paiMas farmaceuticas. Ello ocurrio en forma limitada el 
ano 2004 y, hace pocos meses, el resultado de dicho estu- 
dio fue publicado. La investigacion concluye que la exposi- 
cion a Hg, a traves de las vacunas conteniendo timerosal 
administradas en los EE.UU. , fue un factor de riesgo sig- 
nificativo para la aparicion de desordenes del 
neurodesarrollo (")• 

2. Estudios ecologicos 

Unreciente estudio, que evaluo la relacion entre las dosis 
promedio de Hg recibidas a traves de las vacunas conte- 
niendo timerosal y la prevalencia de autismo en los EE.UU. , 
encontro que las cohortes de nacidos desde mediados de los 
80 hasta finales de los 90 mostraron una linea de correla- 
cion positiva ascendente estadisticamente significativa en- 
tre la exposicion mercurial de las vacunas y la prevalencia 
de la enfermedad {^^). En dicho trabajo, los autores halla- 
ron tambien que, al reducir la dosis de exposicion al Hg, 
se observe una disminucion correspondiente en la preva- 
lencia del trastorno (Figura 2). 
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Figura 2. Prevalencia de autismo en los EE.UU., en comparacion 
con las dosis promedio de mercurio administradas en las vacunas." 

• Geier D, Geier M. Med Sci Monk. 2004. 

Las barras muestran las dosis promedio de Hg administradas por 
nino en las vacunas infantiles. La linea continua muestra la 
prevalencia de autismo por 10 000 nihos en los EE.UU. 



Asimismo, una ultima investigacion conducida en los 
EE.UU. , utilizando dos fuentes de data diferentes, el Sis- 
tema de Reportes de Eventos Adversos a las Vacunas 
(VAERS) y los Servicios del Departamento del Desarrollo 
de California (CDDS), senala que ambos registros han 
coincidido en demostrar incrementos significativos en las 
curvas de reportes de casos nuevos de autismo y trastornos 
del lenguaje, desde el ano 1994 hasta mediados del ano 
2002, observandose correlacion directa con el contenido de 
timerosal en las vacunas infantiles. No obstante, y luego 
del progresivo retiro del etilmercurio de las inmunizaciones 
pediatricas en los EEUU., a partir del aflo 1999, ambos 
registros muestran tambien un significativo descenso de 
las mismas curvas, desde mediados del 2002 hasta el ano 
2005. Los autores concluyenque tales resultados indican 
claramente que las curvas de reportes de casos nuevos de 
ambas enfermedades estan directamente relacionadas pri- 
mero al incremento y subsecuentemente a la disminucion 
de las dosis acumulativas de Hg en los ninos expuestos a 
las vacunas conteniendo timerosal, en los esquemas de in- 
munizacion norteamericanos ('''). 

Aiin mas, los datos provisionales del US Department of 
Education muestran una reciente disminucion del numero 
de casos nuevos de autismo diagnosticados entre niiios de 3 
a 5 anos de edad, los mismos que han sido inmunizados con 
vacunas libres de timerosal. Despues de un incremento anual 
sostenido, observado desde los inicios de la decada pasada, 
se informo de 1,451 casos nuevos, en el periodo 2001-2002, 
1 981 end periodo 2002-2003; 3 707 entre 2003-2004 y 3 
178 en el periodo 2004-2005, lo cual representa 529 casos 
menos O. 

Otro estudio muy reciente ofrece tambien evidencia 
epidemiologica que demuestra que, tras la remocion del 
timerosal de las vacunas pediatricas, el numero de casos 
nuevos de enfermedades del neurodesarrollo infantil ha dis- 
minuido significativamente en los EE.UU. (**). En dicha 
investigacion, Geier y col. llevaron a cabo un estudio 
ecologico, monitoreando el VAERS desde el aiio 1991 has- 
ta el 2004, evaluando tanto la fecha de recepcion de los 
reportes de danos atribuidos a las vacunas, asi como la 
fecha de administracion de las inmunizaciones. Las enfer- 
medades estudiadas fueron autismo, retardo mental y des- 
ordenes del lenguaje. Encontraron que, el pico de reportes 
recibidos en el VAERS ocurrio en el periodo 2001-2002, 
correspondiendo a la administracion de las vacunas con 
timerosal del aiio 1998. No obstante, observaron tambien 
una reduccion significativa del reporte de casos nuevos de 
dichas enfermedades desde que el preservante comenzo a 
ser retirado de las vacunas pediatricas en los EE.UU. , en 
el aiio 1999 y en adelante. 

Adicionalmente, dos estudios recientes han documentado 
como la contaminacionambiental, particularmente la expo- 
sicion a metales pesados (en especial al Hg) incide 
significativamente como factor de riesgo en el desarrollo de 
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los DBA. Palmer y col. f ^) estudiaron la asociacion entre la 
prevalencia de autismo y la contaminacion ambiental por 
Hg y otras toxinas en Texas, uno de los estados de la union 
americana conmayores recursos petroliferos. Los investi- 
gadores compararon los incrementos de casos de autismo, 
desde 1990 hasta el aiio 2000, en 31 distritos de Texas, con 
las tasas de liberacion ambiental de Hg. Encontraron que, 
enpromedio, por cada 1 000 libras de Hg liberadas al medio 
ambiente, se observe un 43 % de aumento en las necesidades 
de servicios de educacion especial y un 61 % de incremento 
en la prevalencia de autismo. Asimismo, en un estudio que 
acaba de ser publicado, conducido por Windham y col. , del 
Natioiwl Institute of Environmental Health Sciences ('"), los 
autores compararon la exposicion ambiental a 19 sustancias 
quimicas identificadas como potenciales neurotoxicos, toxi- 
nas del desarroUo y/o perturbadores del sistema endocrino, 
en 284 niiios con DBA y 657 niiios sanos de control, en la 
Bahia de San Francisco, EE.UU. Luego de los ajustes esta- 
disticos correspondientes, los autores encontraron asocia- 
cion entre el riesgo de desarroUar autismo y la exposicion 
en el aire ambiental alrededor del lugar de residencia a 
metales pesados (Hg, cadmio y ni'quel), tricloroetileno y clo- 
ruro de vinilo, tanto en la etapa prenatal como en los prime- 
ros alios de vida de los niiios con DBA. 

3. Estudios biomoleculares y toxicologicos 

Debemos seiialar que, la ciencia en general acepta que los 
estudios de corte epidemiologico pueden aportar tan solo 
una parte de la evidencia cientifica, indicando que un area 
de investigacion requiere mayores estudios clmicos y 
moleculares, a fm de esclarecer un determinado fenomeno. 
En el caso del timerosal, a pesar de los problemas eticos y 
medico-legales que supondria realizar estudios de experi- 
mentacion con etilmercurio en niiios, liltimamente se ha 
publicado extensas investigaciones clinicas, tanto en seres 
humanos como en animales de experimentacion, in vivo e in 
vitro, asi como numerosos estudios biomoleculares, que des- 
criben la capacidad del timerosal para ocasionar desordenes 
neurologicos y que lo vinculan como el agente causal de 
diversas enfermedades del neurodesarroUo infantil (^')- 

Las siguientes evidencias han establecido plenamente que, 
todas las formas de Hg (incluyendo el etilmercurio) son 
neurotoxicas, especialmente durante las fases tempranas 
del desarrollo cerebral. 



3.1 Estudios en nines con DEA 

A la fecha, estan a disposicion trabajos de investigacion 
hechos en ninos con DEA, en los que se demuestra la poca 
capacidad que tienen estos para excretar Hg y otros metales 
pesados en la orina y el cabello f -"^) y como dicha capaci- 
dad aumenta significativamente luego de que se les adminis- 
tra compuestos quelantes (sustancias capaces de eliminar 
metales pesados del organismo). Dichos trabajos concluyen 



que, los ninos afectados por los DEA tienen significativamente 
mayor cantidad de Hg acumulada en sus cuerpos, en compa- 
racion con ninos sanos control, como resultado de una capa- 
cidad disminuida para la excrecion de Hg. 

El exceso de la excrecion urinaria de porfirinas 
(porfirinuria) es un hallazgo descrito en diversas entidades 
(deficiencias geneticas, enfermedades hematologicas, 
hepatopatias, nefropatias, etc.); pero, tambienha sido des- 
crito como un marcador biologico de la intoxicacion cronica 
por metales pesados, tanto en animales como en seres huma- 
nos (^'-1™) . Mas aun, una patron alterado singular de porfirinas 
en orina, con elevaciones de la precoproporfirina (keto- 
isocoproporfirina) y de la pentacarboxiporfirina, ha sido ca- 
racterizado como especifico de la intoxicacion por Hg ("" 
"'^). Nataf y col., en una innovadora investigacion por 
publicarse en la revista Toxicol Appl Pharmacol, han estu- 
diado por primera vez los niveles urinarios de porfirinas en 
269 ninos con DEA, en una clinicade Paris, comparandolos 
con los valores de ninos sanos control. Los autores encontra- 
ron valores 2,6 veces mayores de porfirinuria en los niiios 
con DEA, especialmente en el grupo de autistas. Las deter- 
minaciones de precoproporfirina y de pentacarboxiporfirina 
tambien resultaron aumentadas significativamente. 
Adicionalmente, un subgrupo de ninos autistas que habi'a 
mostrado valores anormales de porfirinuria, fue tratado con 
acido dimercaptosuccinico (DMSA), un quelante de metales 
pesados, observandose la normalizacion de la excrecion uri- 
naria de porfirinas. Los investigadores concluyen que estos 
hallazgos sugierenque los metales pesados, particularmente 
el Hg, estan implicados en la causalidad de los DEA. Sena- 
Ian tambien que la porfirinuria, ademas de serunbiomarcador 
de toxicidad, podria tener un papel en las manifestaciones 
conductuales del autismo, dado que estos metabolites anor- 
males se unen a recepteres benzodiazepinicos cerebrales Q'^' 
""*) y han side asociados a disturbios neurologicos, epilepsia 
y autismo ('"'-'"). 

El ARI viene utilizando de manera protocolizada diver- 
sos quelantes, en el tratamiento de desintoxicacion de las 
enfermedades del neurodesarroUo infantil, desde hace al- 
guiios alios, encontrandose mejorias significativas (y en 
numerosos casos la perdida del diagnostico de DEA), en 
los ninos afectados por este grupo de enfermedades ("''•"^). 

Se ha descrito tambien menor capacidad de sulfatacion 
en los ninos con DEA. Dicho deficit bioquimico parece 
contribuir a la acumulacion de Hg observada en estos pa- 
cientes, dado que el proceso fisiologico de desintoxicacion 
de Hg en el cuerpo humano incluye la union de los com- 
puestos mercuriales a grupos sulfhidrilos, para permitir su 
posterior excrecion Q^^). Asimismo, se ha identificado que 
los niiios afectados por los DEA tienen niveles plasmaticos 
significativamente menores de cisteina (19% de reduccion) 
y de glutation (46% de reduccion), en comparacion con 
ninos sanos; ambas sustancias son cruciales para la excre- 
cion de Hg ("''). Las personas con deficiencias geneticas 
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en la smtesis de glutation seran menos capaces de excretar 
Hg y, por lo tanto, mas sensibles a sus efectos adversos 

El glutation (GSH) es un tripeptido producido a nivel 
hepatico, a partir de los aminoacidos glicina, glutamato y 
cisterna (Figura 3). Actiia protegiendo al organismo huma- 
no de agentes toxicos, tales como los metales pesados, 
mediante la union de estos a sus radicales sufhidrilos. Es 
tambien un poderoso antioxidante, que previene la forma- 
cion de radicales libres e inhibe el daiio celular. Se ha 
documentado niveles significativamente disminuidos de GSH 
en los ninos con DEA, aumentando de esta manera la sus- 
ceptibilidad de estos pacientes al daiio por metales pesa- 
dos, en particular, al Hg. 
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Figura 3. Estructura del glutation. 

Precisamente, se ha identificado polimorfismos genomicos 
especificos para enzimas en el ciclo de la metionina y la 
transulfatacion, que explican la susceptibilidad genetica 
aumentada a la intoxicacion por metales pesados en la po- 
blacion autista, toda vez que dichas rutas metabolicas son 
precisamente las responsables de la eliminacion de Hg y 
otros metales pesados (i"!-"). Adicionalmente, se sabe que 
el cerebro en desarroUo es linico en su susceptibilidad a la 
neurotoxicidad inducida por agentes mercuriales; factores 
tales como la maduracion cerebral, el metabolismo, el 
estado nutricional, el sexo y la inmunogenicidad influencian, 
ademas de la vulnerabilidad genetica, en el pronostico del 
dano cerebral {^^. La Tabla 4 resume los factores geneticos 
asociados a mayor susceptibilidad a desarrollar DEA, de 
acuerdo al ARI. 

Redwood y col. ('-') han comunicado que, la exposicion a 
Hg a traves de las inmunizaciones debe ser motivo de pre- 
ocupacion, debido a que pequefias cantidades de Hg, admi- 
nistrados durante periodos criticos del desarrollo, se han 
asociado a diversos desordenes neurologicos infantiles, donde 
se incluyen el sindrome de deficit de la atencion, dificulta- 
des para la lectura y trastornos del lenguaje. 

3.2 Estudios in vitro sobre celulas humanas 

Se ha comprobado fehacientemente la toxicidad del 
timerosal, incluso a concentraciones micromoleculares, so- 



Tabla 4. Factores geneticos predisponentes de los DEA.' 

- Generomasculino. 

- HLAC48(alelonulo). 

- Historia familiar de autoinmunidad: alergias, asma bronquial, 
diabetes, artritis reumatoide, enfermedad inflamatoria 
intestinal, enfermedad celiaca, tiroiditis autoinmune. 

- Polimorfismos nucleotidos especificos: 

MTHFr: Tetrahidrofolato metileno reductasa. 

COMT: Catecolamina O-metiltransferasa. 

MTRR/MTR: Metionina sintetasa y metionina sintetasa 

reductasa. 

TCII: Transcobalamina. 

GABRB3: Receptor GABA. 

ADA: Adenosina deaminasa. 

UBE3A mutante (ubiquitin ligasa). 

CBS: Cistationabeta-sintetasa. 

Usman A. DAN!™ Conference Proceedings - Primavera 2006, 
abril 7-10, 2006. Autism Research Institute. Washington, D.C. 

bre celulas nerviosas, fibroblastos y linfocitos T humanos, 
dafiando sus mecanismos mitocondriales e induciendo estres 
oxidativo y la deplecion de glutation, el principal agente 
desintoxicador fisiologico de metales pesados. 

Los estudios hechos recientemente en el Departamento de 
Bioquimica de la Universidad de Kentucky por el profesor 
Boyd Haley son reveladores ('--). Los investigadores han 
encontrado al timerosal incluso mas neurotoxico que la for- 
ma ionica de mercurio (Hg-+), debido al enorme poder de 
penetracion que posee entejidos grasos, tales como el siste- 
ma nervioso central (mayor liposolubilidad). Asimismo, han 
observado que la toxicidad del etilmercurio no depende solo 
de sus niveles sanguineos, sino tambien de otros numerosos 
factores asociados, tales como: enfermedad concomitante, 
exposicion simultanea tanto a otros metales pesados (zinc 
ionico, cadmio, plomo, aluminio) como a antibioticos 
(tetraciclinas, ampicilina, neomicina), susceptibilidad 
genetica, niveles de testosterona, los extremos de la vida, 
estres oxidativo, etc. , todos los cuales incrementan el dano 
en relacion a un individuo sano. Sus estudios sobre celulas 
nerviosas humanas expuestas a pequefiisimas cantidades de 
timerosal (aiin a concentraciones de 1 : 10 000, como en las 
vacunas), muestrancomo esta toxina destruye neuronas y/o 
afecta severamente su crecimiento. Han observado que una 
solucion con 50 nanomoles de timerosal causa la muerte de 
43% de las neuronas expuestas, en las primeras 24 horas, 
mientras que una solucion con el doble de concentracion 
ocasiona cerca de 83% de muerte celular en el mismo lap- 
so, concluyendo que su uso medicinal es inadmisible, espe- 
cialmente en el campo pediatrico. Los mismos autores han 
demostrado que, la toxicidad del timerosal es exacerbada 
cuando el preservante es empleado simultaneamente con otros 
metales pesados, tales como zinc ionico, cadmio, plomo o 
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aluminio. Es de resaltar que, sus investigaciones hanpodido 
documentar que los mismos niveles de timerosal causantes 
del 50% de muerte neuronal, producen la muerte de cerca 
de 90% de las celulas nerviosas humanas, enpresencia de 
niveles no toxicos de clomro de aluminio ('--). 

Este poder de toxicidad sinergica es de gran preocupa- 
cion, dado que muchas de las vacunas con timerosal con- 
tienen tambien aluminio, no habiendose realizado estudio 
alguno sobre la bioseguridad de este punto. Cabe seiialar 
que el aluminio es tambien una conocida neurotoxina, que 
comparte muchos mecanismos toxicos comunes con el Hg. 
Por ejemplo, ambos son toxicos sobre los neurotiibulos, in- 
terfieren con enzimas antioxidantes, daiianlas enzimas de 
reparacion del ADN, interfieren con la produccion 
mitocondrial de energia, bloquean las proteinas 
recaptadoras de glutamato cerebrales (GLT-1 y GLAST), 
se unen al ADN y perturban las funciones de las membra- 
nas neuronales (i-^-i-s). El aluminio, utilizado como 
preservante en las vacunas, ha sido relacionado causalmente 
a la miofasceitis macrofagica, una condicion que produce 
grave debilidad muscular y multiples sindromes 
neurologicos. Gherardi y col. han resaltado que, incluso en 
ausencia de una enfermedad autoinmune sistemica obvia, 
en la mayoria de los casos diagnosticados de miofasceitis 
macrofagica han evidenciado una sobreestimulacion 
inmunologica cronica causada por la inyeccion del alumi- 
nio ('-''). Tal fenomeno es muy importante, pues liltima- 
mente se ha seiialado este mecanismo patologico como una 
de las principales causas del dano en numerosas enferme- 
dades neurodegenerativas (esclerosis multiple, enfermedad 
de Alzheimer, sindrome de Parkinson), los DEA y el sin- 
drome de deficit de la atencion (i-'i^'). Asimismo, debe 
resaltarse que, desde hace decadas existen trabajos docu- 
mentando la mayor toxicidad de ambos metales cuando se 
les usa en forma conjunta ("-). 

Baskin y col. C") han estimado que las cantidades de 
timerosal contenidas en los esquemas de vacunacion 
pediatricos alcanzan valores 4 veces mayores que las con- 
centraciones mas bajas, a las cuales dichos autores encon- 
traron toxicidad neurologica en su estudio (201 M-g/L). Con- 
cluyen que, la rapida aparicion de daiio ocasionado por 
timerosal en concentraciones micromolares bajas, observa- 
das enperiodos cortos de tiempo, es de suma preocupacion, 
pues estiman que la exposicion prolongada a timerosal en 
pequeiias cantidades (como sucede durante las vacunaciones) 
podria producir daiio neurologico a dosis incluso menores. 

Leong y col. examinaronel crecimiento neuronal in vitro 
luego de la exposicion de celulas nerviosas humanas a con- 
centraciones similares de Hg, aluminio, plomo, cadmio y 
manganeso. Demostraronque, concentraciones nanomolares 
de Hg marcadamente alteraban las estructuras de las mem- 
branas y las lineas de crecimiento de 77 % de las neuronas 
expuestas, mientras que con los otros metales pesados ta- 
les danos no fueron observados ("''). Similares resultados 



han sido descritos ennumerosos trabajos adicionales, em- 
pleando timerosal ("^-^^''). 

James y col. ('") han demostrado que el timerosal induce 
estres oxidativo y la apoptosis (muerte celular 
autoprogramada) de neuronas, astrocitos y celulas T huma- 
nas, activando vias metabolicas mitocondriales de muerte 
celular. Observaron que la muerte neuronal ocurria tan solo 
tres horas despues de exponerlas a timerosal, mientras que 
las celulas de la glia (astrocitos) exhibian los mismos efec- 
tos citotoxicos a las 48 horas de haber sido expuestos a la 
misma concentracion del preservante. Es de resaltar que, 
conocidos toxicos como agentes antineoplasicos utilizados 
en quimioterapia, las radiaciones ultravioleta y las molecu- 
las de estres (oxigeno reactivo y especies de nitrogeno 
reactivo) actuan tambien a este mismo nivel celular ("**). 
Asimismo, sus estudios hanmostrado como dicha toxicidad 
mercurial esta correlacionada a los niveles intracelulares 
del glutation y la forma como esta ultima sustancia podria 
ser de utilidad terapeutica en los ninos, ancianos y mujeres 
embarazadas que reciben vacunaciones o inmunoglobulinas 
con timerosal y en los individuos que consumen regularmen- 
te pescado conteniendo cantidades apreciables de Hg ('"). 

Recientemente, tambien se ha descrito que la metilacion 
tiene un rol critico en la habilidad de los factores de creci- 
miento tisulares para promover el desarrollo normal. El 
higado es capaz de completar la via de sintesis de 
homocisteina a metionina y de cisteina a glutation (Figura 
4). Los astrocitos y las neuronas no poseen la enzima 
cistationina liasa. Por lo tanto, sonincapaces de sintetizar 
cisteina. Como resultado, dichas celulas son dependientes 
de los niveles plasmaticos de cisteina derivados primaria- 
mente de la sintesis hepatica de glutation. Se ha comunica- 
do que el timerosal en un poderoso antagonista de la enzi- 
ma metionina sintasa, impidiendo la formacion de 
metionina, la cual es imprescindible para la metilacion de 
diversos estructuras, tales como el ADN, el ARN, diver- 
sas proteinas, fosfolipidos, Mstonas y neurotransmisores, 
todos los cuales han sido documentados alterados en los 
niiios con DEA. Asimismo, el timerosal inhibe la sintesis 
de glutation, el principal mecanismo fisiologico 
detoxificador de metales pesados. 

El timerosal ha demostrado ser un potente inhibidor de 
dicha funcion, otorgando una explicacion molecular de como 
las vacunas pueden incrementar la incidencia de las enfer- 
medades del neurodesarrollo (i" n'l^-t). Waly y col. , enun 
fascinante estudio ("'), hanmostrado como la exposicion a 
metales pesados (incluyendo plomo, Hg y aluminio) puede 
contribuir a las enfermedades del neurodesarrollo, a tra- 
ves de la inhibicion de las vias metabolicas de metilacion 
-especialmente la metilacion del ADN- y la disminucion 
de diversos factores del desarrollo (factor de crecimiento 
neurotropico, factor neurotropico cerebral y el factor de 
crecimiento similar a la insulina tipo 1), todos los cuales 
son indispensables para la promocion del desarrollo 



An Fac Med Lima 2006; 67(3) 



253 



Case1:06-cv-01357-EGS Document 23-4 Filed 01/23/2007 Page 37 of 45 



Miguel Sandoval y col. 



yv.6 

5,10-CH,THF 



^, 



^5-CHTHF 
THF: Tetrahidrofolato 




S - adenosi Imetionina 



Productos metilados: 
ADN,ARN, proteina, 
, fosfolipidos, histonas, 
neuroti^n sm i soies 



S-adenosilomosistema 

Adenosina 



Omosiaema 



BuX^Cistationina liasaj^ 



i 



GLUTAnON 



Figura 4. Via para la sintesis de glutation y la metilacion. 

neurologico y apoyan la fiancion y la sobrevivencia del sis- 
tema nervioso ("".wi-)^ 

Numerosos otros estudios in vitro sobre neuronas humanas 
han demostrado que concentraciones namolares a 
micromolares de timerosal son capaces de inducir muerte 
neuronal, neurodegeneracion, dano a las membranas celula- 
res y alteraciones sobre el ADN, enpocas horas de exposi- 
cion ("--i-"). Ultimamente, tambien se ha demostrado que 
pequenisimas cantidades de timerosal son igualmente capa- 
ces de interrumpir criticamente las vias de comunicacion 
interneuronales y los eventos bioquimicos necesarios para el 
adecuado desarrollo neurologico en el ser humano ("^ i-*''). 

3.3 Estudios en modelos aiiimales 

El autismo ha podido ser reproducido en animales de 
experimentacion satisfaciendo uno de los antiguos princi- 
pios etiologicos de Pasteur. Efectivamente, Hornig y col. 
(''"), utilizando cepas seleccionadas de ratones cuyos cere- 
bros se encontraban en desarrollo y exponiendolos a vacu- 
nas con timerosal (a dosis equivalentes al peso y la edad de 
los calendarios de inmunizacionhumanos), han podido re- 
plicar diversas caracteristicas similares a las de la enfer- 
medad, tales como retardo del crecimiento, disminucion 
de la locomocion, respuestas inapropiadas ante nuevos es- 
timulos, incremento del tamano cerebral, anormalidades 
significativas en la arquitectura de areas cerebrales rela- 
cionadas a la emocion y la cognicion y trastornos en las 
celulas del hipocampo, entre otros. Empleando el mismo 
modelo de investigacion, tambien se ha observado la 
interaccion daiiina entre el timerosal y la testosterona 
('--■'"*'), comprobandose la mayor susceptibilidad al dano 
mercurial entre los animales del genero masculino. Es de 
notar que, los desordenes del neurodesarrollo infantil son 
cuatro veces mas frecuentes entre los varones que entre 



las niiias (^^■'^). Asimismo, en los fetos humanos y niiios 
pequeiios de sexo masculino se ha observado mayor sensi- 
bilidad al dano neurologico, luego de la exposicion a 
mercuriales organicos ("'). 

Estudios conducidos en modelos animales han demostra- 
do cantidades sustanciales de timerosal en sangre y en di- 
ferentes tejidos (especialmente, el cerebro); documentan- 
dose su pasaje a traves de la barrera hematoencefalica y 
placentaria, determinandose que el tiempo de vida media 
del Hg en el cerebro animal es de 28 dias despues de admi- 
nistrado como timerosal (i^o-i^i), 

Desde hace varios anos, estudios in vivo hechos en roedo- 
res habian mostrado que el etilmercurio era capaz de atra- 
vesar las membranas celulares y luego ser convertido 
intracelularmente a Hg inorganico, el mismo que se acumu- 
la preferentemente en el cerebro y los riiiones. Dicha acu- 
mulacion intracelular de Hg inorganico demostro ser mayor 
para el etilmercurio (timerosal), en relacion al metilmercurio 
empleando exposiciones equimolares, pese a que la veloci- 
dad de depuracion sangumea del etilmercurio es definitiva- 
mente mas rapida que la del metilmercurio ('^-). 

No obstante, se ha determinado que no existen mayores 
diferencias entre la toxicidad del metilmercurio y el 
timerosal. Pequeiias cantidades de timerosal, en el orden 
de microgramos en el cerebro de los animales de experi- 
mentacion, fueron capaces de producir similar dano 
neurologico que con el primero, indicando que la presencia 
de Hg en cantidades apreciables no era necesaria para que 
tal neuro toxicidad ocurriera ('^-). 

Un reciente estudio confirma estas mismas observacio- 
nes: los niveles sanguineos de timerosal son 
significativamente mas cortos que los mostrados por 
metilmercurio, 8,6 di'as vs. 21,5 di'as, respectivamente. No 
obstante, el primero atraviesa en mayor grado la barrera 
hematoencefalica, para depositarse en el cerebro, trans- 
formandose luego en Hg inorganico (considerado la forma 
mercurial mas toxica de todas), siete veces mas (71 % vs. 
10%), en comparacion con el metilmercurio. Se sabe ade- 
mas que, el tiempo de vida media del Hg inorganico 
intracerebral vari'a entre 227 y 540 di'as (^'). 

Multiples trastornos inmunologicos han sido documenta- 
dos en los pacientes conDEA. Recientemente, se ha identi- 
ficado que el timerosal, a concentraciones namolares, al- 
tera dramaticamente las celulas dendriticas de ratones in 
vitro. Dichas celulas desempenan un papel central en la 
respuesta inmunologica, pues actiian como presentadoras 
de antigenos y estimulan la activacion de los linfocitos T. 
Goth y col. ('^') han informado que el timerosal altera las 
propiedades de las celulas dendriticas, suprimiendo sus 
seiiales internas; a pequenas dosis, el preservante indujo la 
liberacionde cantidades anormales de interleuquinas, mien- 
tras que a dosis mayores les produjo la muerte. Tales efec- 
tos fueron observados incluso a muy pequeiias concentra- 
ciones y enpocos minutos de exposicion, demostrando ade- 
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mas que las celulas mas iiimaduras eran particularmente 
sensibles al timerosal. Los autores concluyen que sus ha- 
llazgos tienen implicancias en el uso comercial del 
timerosal en las vacunas, ya que el hecho de identificar a 
las celulas dendriticas como sensibles al daiio inducido por 
el agente mercurial, conociendo el importante rol que es- 
tas desempeiian sobre la inmunidad celular y la tolerancia 
inmunologica, constituye una explicacion de la posible con- 
tribucion al daiio sobre las funciones del sistema inmune 
que ocasiona el preservante. 

4. Estudios de bioseguridad 

Aunque sea dificil de creer, segiin la investigacion del 
Congreso norteamericano, ningun gran estudio de 
bioseguridad del timerosal fue realizado por las compaiMas 
farmaceuticas ni requerido por la US FDA o el US CDC 
en mas de 70 aiios de la historia de las inmunizaciones 
humanas ("^). Por el contrario, multiples investigaciones 
han demostrado su toxicidad desde hace mucho tiempo. 

Kravchenko y col. C^*), trabajando concultivos de celu- 
las humanas, documentaron que el timerosal no solo era 
daiiino por sus efectos toxicos primarios, sino que ademas 
observaron que era capaz de cambiar las propiedades de 
las celulas. Dichos autores concluyeron que el uso de 
timerosal en las preparaciones medicas biologicas, espe- 
cialmente las dirigidas a los ninos, era inadmisible. Luego 
de dicha publicacion, los paises sovieticos retiraron el 
timerosal de sus vacunas infantiles, a principios de la de- 
cada de los 80. Muchos otros estudios llegan a conclusio- 
nes similares, seiialando la inconveniencia del timerosal 
en las vacunas, ya sea por su capacidad de inducir respues- 
tas alergicas (i^^'^fi)^ ^^ pobre efectividad antiseptica ('") 
y/o su degradacion en sustancias neurotoxicas C^**). 

Un estudio descriptivo publicado el aiio 2002 mostraba, 
aparentemente, buenas noticias: el timerosal, despues de 
inoculado a traves de las vacunas sobre niiios recien naci- 
dos, determinaba niveles sanguineos significativamente 
menores y mas cortos que el metilmercurio, excretandose 
en cantidades apreciables en las heces ('^'). No obstante, 
dicho trabajo no estudio otros compartimientos corporales 
(tales como el sistema nervioso); tampoco midio los nive- 
les picos sericos de etilmercurio, luego de las primeras 
horas de inoculado, a pesar de que otras investigaciones 
han documentado elevaciones sustantivas de sus concentra- 
ciones sanguineas en las primeras 24 a 72 horas, luego de 
ser administrado a traves de las vacunas pediatricas ('"). 
Asimismo, el estudio no fue diseiiado para valorar el efec- 
to biologico del preservante (tan solo medir variables 
farmacocineticas) y fue realizado en una poblacion extre- 
madamente pequeiia (33 niiios). Es de resaltar que, ha sido 
plenamente determinado que el sistema nervioso toma pre- 
ferentemente el Hg proveniente del timerosal, observan- 
dose concentraciones intracerebrales entre 5 y 7 veces mas 
altas que los niveles medidos en la sangre (isii*"). 



En el Reporte de Informacion de Seguridad del timerosal, 
con fecha junio de 1991 , hecho por la compaiMa farmaceu- 
tica que licencio el producto ("^^), consta que ". . .el compo- 
nente mercurial ha causado efectos sistemicos en los ani- 
males de experimentacion, incluyendo retardo mental de 
leve a severo y compromiso de la coordinacion motora". 
Por dichas razones, el timerosal fue considerado toxico y 
retirado de las vacunas para animales, en el aiio 1992, en 
los EE.UU. Pero, lo que nunca fue aclarado es que, en el 
mismo documento, en lo que se refiere a la exposicion 
humana, dice: "...la exposicion al Hg in utero y en los 
ninos puede causar retardo mental de leve a severo y com- 
promiso de la coordinacion motora de leve a severo". Asi- 
mismo, los Reportes de Informacion de Seguridad, de los 
laboratorios Merck en Europa ("''')■ informan tambien al 
timerosal como un producto extremadamente toxico, peli- 
groso para el medio ambiente y daiiino en sus efectos 
acumulativos. 

El National Toxicology Program de los EE.UU. declara 
al timerosal como "...un veneno por via oral, subcutanea, 
intravenosa y posiblemente otras rutas"; lo clasifica como 
carcinogeno experimental y teratogenico, concluyendo que 
la exposicion infantil puede resultar en "...retardo mental, 
perdida de la coordinacion para la marcha, el lenguaje y la 
escritura; estupor, irritabilidad y trastornos severos de la 
personalidad y de la conducta" C"). 

Desde hace varios anos, la AAP sabia de lo perjudicial de 
la exposicion mercurial. En un reporte tecnico del aflo 2001 
C^**) concluyen que: "...el feto en desarroUo y los niflos pe- 
quenos son desproporcionalmente afectados por la exposi- 
cion al Hg, debido a que muchos aspectos del desarroUo, 
particularmente la maduracion cerebral, pueden ser afecta- 
dos por la presencia de Hg. Minimizar la exposicion al Hg 
es, por lo tanto, esencial para optimizar la salud de los ni- 
nos". Por estas razones, la AAP, desde el ano 1999, recla- 
maba ya la reduccion o eliminacion urgente de las vacunas 
que contem'an timerosal como preservante ("''*). Dos alios 
despues y hasta la fecha, todas las vacunas incluidas en el 
calendario de vacunacion pediatrico dispuesto por la AAP 
no contienen timerosal (-**), siendo tan solo la vacuna contra 
la influenza la linica inmunizacion infantil empleada en los 
EE.UU. que aiinposee cantidades elevadas de Hg. 

Un reporte reciente del Environmental Working Group, 
tras una extensa investigacion, ha develado las multiples 
conexiones entre la exposicion mercurial -especialmente 
la procedente de las vacunas infantiles- y los DEA, confir- 
mando la posibilidad de que el Hg es el factor que causa o 
contribuye a dichas enfermedades ("^'). 

5. Estudios toxicologicos fetales y sobre la salud reproductiva 

El timerosal ha sido reconocido recientemente, por la 
California EPA, Office of Environmental Health Assessment, 
como una toxina del desarroUo, lo cual significa que puede 



An Fac Med Lima 2006; 67(3) 



255 



Case 1 :06-cv-01357-EGS Document 23-4 Filed 01/23/2007 Page 39 of 45 



Miguel Sandoval y col. 



causar defectos congenitos, peso bajo al nacer, disfunciones 
biologicas, psicologicas o trastornos del comportamiento, 
que se pueden manifestar en la primera infancia; asimismo, 
que la exposicionmaterna durante el embarazo puede com- 
prometer el desarroUo o incluso causar la muerte fetal ('"). 
Un informe realizado por dicha organizacion, en respuesta 
a la peticion de un laboratorio farmaceutico de declarar al 
timerosal como inocuo, concluyo: "...Laevidenciacientifi- 
ca que demuestra que el timerosal causa toxicidad 
reproductiva es clara y voluminosa. El timerosal se disocia 
en el cuerpo en etilmercurio. La evidencia de su toxicidad 
reproductiva incluye retardo mental severo y malformacio- 
nes en los ninos que fueron expuestos cuando sus madres 
recibieron etilmercurio o timerosal mientras se encontra- 
ban gestando. Los estudios en animales demuestran toxici- 
dad sobre el desarroUo despues de la exposicion a etilmercurio 
timerosal, y los datos muestran la interconversion a otras 
formas de Hg que tambien producen claramente toxicidad 
reproductiva" (""). 

Numerosos trabajos de investigacion, tanto enmodelos 
animales como enhumanos, han demostrado que la exposi- 
cion a timerosal en estadios especificos de la vida prenatal 
trae como consecuencia el pasaje de cantidades aprecia- 
bles de Hg a traves de la barrera placentaria, resultando 
en significativa letalidad fetal y teratogenicidad ('"). 

Las vacunas para prevenir el tetanos usadas en nuestro 
medio contienen 25 |J,g de etilmercurio por dosis; el feto en 
desarroUo puede, por lo tanto, potencialmente recibir do- 
sis altisimas de Hg que exceden dramaticamente los limi- 
tes establecidos por la EPA y la OMS (labia 3). Se sabe 
tambien que, la mayor proporcion del etilmercurio inyec- 
tado se acumula en los tejidos fetales en relacion a los 
organos maternos, especialmente en el sistema nervioso 
central ('''-). Todas estas observaciones deben causar aiin 
mayor preocupacion, pues si bien en nuestro pais no se ha 
estimado el promedio de la concentracion de Hg en la san- 
gre del cordon umbilical de los recien nacidos, en los 
EE.UU. se ha comunicado que 7,8 a 15,7% de los casos 
estudiados mostraron valores de Hg asociados con dismi- 
nucion de los coeficientes intelectuales ("'). 

Holmes y col. ('^) determinaron que las madres de los 
niiios autistas habi'an recibido aproximadamente seis veces 
mas cantidades de timerosal, debido a la exposicion conte- 
nida en las inmunoglobulinas humanas anti-D, en relacion 
a las madres cuyos niiios tuvieron un neurodesarroUo nor- 
mal; dichos autores sugieren un importante rol de la expo- 
sicion prenatal a Hg en la aparicion posterior de DEA. 

Los estudios hechos en animales no muestran resultados 
diferentes. Gasetty col. ("■') observaron significativamente 
mas muertes fetales despues de la exposicion materna a 
timerosal comparativamente con animales de control, in- 
dicando que, incluso topicamente, el preservante mostraba 
propiedades abortivas. Estos hallazgos fueron replicados 
por Itoi y col. ('"). quienes demostraron un rango cinco 



veces mayor de muerte fetal cuando una solucion topica de 
timerosal era aplicada a la conjuntiva de conejas prena- 
das. En este mismo estudio, las malformaciones congeni- 
tas ocurrieron solo en el grupo de animales expuestos al 
preservante (9,1 % vs. 0,0%). Digar y col {™) encontraron 
cuatro veces mayor mortalidad cuando se inyecto 0,1 mg 
de timerosal en el saco vitelino de huevos de polio. Obser- 
varon tambien graves malformaciones en 36 % de los em- 
briones expuestos, pero enninguno de sus controles; dichas 
malformaciones animales incluyeron sindactilia, ptosis 
visceral, adelgazamiento de la pared abdominal y anorma- 
lidades del crecimiento de las alas y del cuerpo. 

El timerosal tambien tiene el potencial de disminuir la 
fertilidad. Batts y col. ('") documentaron que dicha sustan- 
cia era toxica para la funcion ciliar, cuando era aplicada 
topicamente sobre la traquea de ovejas, indicando un po- 
tencial mecanismo patologico para comprometer la capa- 
cidad reproductiva en las mujeres (trompas de Falopio) y 
los varones (motilidad espermatica). De hecho, se ha plan- 
teado esta hipotesis para justificar la mayor incidencia de 
infertilidad entre los adultos que padecieron en su infancia 
de acrodinia, otra entidad causada por la exposicion mer- 
curial i™). Goncharuk ("') describio una tasa de letalidad 
dosis-dependiente en ratas expuestas a compuestos inhalados 
de etilmercurio. Asimismo, el investigador informo que, 
cuando se administraba dicha forma de Hg organico a ra- 
tas machos antes de ser cruzados, se observe una disminu- 
cion de la fertilidad, no solo en aquellos que lo recibieron, 
sino tambien en dos de sus siguientes generaciones. 

El Hg inorganico, otro de los metabolitos del timerosal, 
tambien ha demostrado ser genotoxico y disminuir la capa- 
cidad reproductiva en varios animales de experimentacion 
in vitro Q^°). Kahn y col. ("") observaron que la fertilidad 
y la sobrevivencia se reducian en ratones expuestos a clo- 
ruro de Hg. Dichos efectos, incluyendo atrofia ovarica, 
fueron vistos en ausencia de toxicidad sistemica manifies- 
ta, subrayandose la necesidad de realizar estudios clinicos 
para evaluar el riesgo de exposicion prenatal a timerosal. 

Tambien, se han realizado estudios sobre la toxicidad 
del timerosal sobre la salud reproductiva humana. Heinonen 
y col. C"^) demostraron que la exposicion topica a timerosal 
durante el embarazo significativamente aumentaba los ries- 
gos de defectos congenitos. 

La toxicidad reproductiva y los danos sobre los fetos hu- 
manos del metilmercurio han sido ampliamente estudiados 
y aceptados. Algunas autoridades de salud proclaman que 
este ultimo es mas toxico que el etilmercurio del timerosal; 
pero, dichas conclusiones no estanbasadas en la literatura 
cientifica ('")• Un estudio experimental, hecho en cerdos, 
encontro al timerosal significativamente mas toxico que el 
metilmercurio ('*'); asimismo, Leonard y col. ('*") halla- 
ron que el etilmercurio cruza la placenta mas facilmente 
que el metilmercurio y era capaz de ocasionar cambios 
mutagenicos sobre las celulas estudiadas. 



256 



An Fac Med Lima 2006; 67(3) 



Case 1 :06-cv-01357-EGS Document 23-4 Filed 01/23/2007 Page 40 of 45 



Capacidad antioxidante de la sangre de grado (Croton palanostigma) 



A pesar de estas multiples investigaciones, la US FDA 
nunca se ha pronunciado de preferir las vacunas libres de 
timerosal sobre las que aiin lo contienen; de hecho, si bien 
desde el ano 1999 todas las sociedades cientificas medicas 
y las autoridades gubemamentales de la salud de los EE.UU. 
decidieron el pronto y urgente retiro de dicho preservante 
de sus vacunas (I'^^'se^^ j^j proceso nunca se llevo a cabo en 
forma adecuada, no completandose el consumo y/o retiro 
de las vacunas conteniendo timerosal sino hasta el ano 2003, 
hecho que le ha significado duras criticas por parte del 
Congreso de los EE.UU Q""}. 

En ese sentido, se ha comentado que la historia del autismo 
adquirido quizas termine como el caso de la acrodinia, don- 
de el retiro de la sustancia causante (e.i. el Hg contenido en 
las pastas dentrificas) condujo a la desaparicion de la enfer- 
medad y a la ulterior identificacion de la causa etiologica 
('--). Cabe mencionar que se ha estimado que solo 1 de cada 
500 niiios expuestos desarroUaba la enfermedad, lo cual re- 
afirma el concepto de que, ademas de la exposicion causal 
se necesita factores de vulnerabilidad especificos entre los 
ninos susceptibles al dano ocasionado por el Hg. Se requirio 
mas de 10 anos despues de la suspension a esta forma de 
exposicion mercurial, para que la medicina formalmente 
reconociera que este habia sido el agente responsable del 
trastorno. Es conveniente seiialar que, muchos de los sinto- 
mas descritos en la acrodinia son similares a los observados 
actualmente en los niiios identificados como autistas o con 
sindrome de deficit de la atencion. 

CONCLUSIONES Y RECOMENDACIONES 

1 . El mercurio (Hg) ha sido considerado el tercer ele- 
mento mas toxico sobre la tierra, superado tan solo por el 
plutonio y el uranio. A pesar de que, paradojicamente, se 
le ha empleado con fines medicinales desde hace mucho 
tiempo, la documentacion de su toxicidad ha conducido a 
su paulatino retiro de practicamente todos los medicamen- 
tos y agentes biologicos empleados en la actualidad. 

2. Desde hace algunos alios, ha sido demostrado su gran 
impacto negativo sobre la salud humana, especialmente en 
los grupos mas susceptibles, como las gestantes y los ni- 
iios, razon por la que diferentes expertos y agendas inter- 
nacionales de la salud se han pronunciado de acuerdo en 
que la reduccion o eliminacion de la exposicion al Hg, ya 
sea procedente del timerosal de las inmunizaciones o de 
cualquier otra fuente, constituyen medidas de capital im- 
portancia para la salud piiblica. 

3. Desde hace varios anos atras, las compaiMas farma- 
ceuticas productoras de vacunas han desarrollado 
preservantes alternativos al timerosal, que han demostra- 
do su eficacia y seguridad. 

4. Paulatinamente, todos los paises desarrollados (los 
EE.UU. , la Union Europea, los paises sovieticos) han reti- 
rado el timerosal de sus vacunas para seres humanos. Aque- 



llos que lo han hecho con anterioridad, muestran tasas de 
incidencia y prevalencia de enfermedades del 
neurodesarrollo infantil significativamente mas bajas, en 
relacion a los que lo han prohibido recientemente y tam- 
bien, evidentemente, sobre los paises como el nuestro, en 
los que dicha toxina aiin no ha sido suprimida. 

5. Recientemente, se ha conducido numerosas investiga- 
ciones cientificas que han aportado multiples evidencias 
epidemiologicas, geneticas, metabolicas, bioquimicas, cli- 
nicas y terapeuticas, tanto en el ser humano como enmo- 
delos animales, que involucran al timerosal y a los virus 
vivos del sarampion, la rubeola y las paperas contenidos en 
las vacunas pediatricas, como los agentes causantes, 
disparadores o agravantes de las enfermedades del 
neurodesarrollo infantil. 

6. Ultimamente, se ha informado, a traves de la utiliza- 
cion de diversas fuentes de datos, que el retiro y/o la dis- 
minucion del timerosal de las vacunas pediatricas ha sido 
seguido de un descenso significativo en la incidencia de 
casos nuevos de enfermedades del neurodesarrollo infantil, 
incluyendose al autismo y los trastornos del lenguaje. 

7. Las cantidades de Hg organico, contenidas aiin en al- 
gunas de las vacunas que se emplea en los esquemas de 
inmunizacion pediatricos en el Peru, superan larga y 
significativamente los margenes de maxima exposicion 
permitidos a mercuriales organicos de todas las agendas 
de salud piiblica del mundo, incluida la propia Organiza- 
cion Mundial de la Salud. 

8. Expuestas las evidencias en relacion al timerosal y 
las enfermedades del neurodesarrollo infantil, solicitamos 
establecer el marco legal y todas las condiciones financie- 
ras y sanitarias, a fin de retirar el timerosal contenido en 
algunas de las vacunas para seres humanos en el Peru, del 
modo mas expeditivo y apremiante como sea posible; ha- 
ciendo ademas todos los esfuerzos necesarios para minimi- 
zar la exposicion ambiental a otras fuentes mercuriales y a 
agentes quimicos toxicos, dado el profundo significado so- 
bre la salud de nuestros ninos. 

9. Solicitamos la urgente convocatoria a una reunion de 
expertos, presidida por el Minsa, a fin de reevaluar el 
Programa Ampliado de Vacunaciones del Peni, en el que, 
de acuerdo a nuestras necesidades epidemiologicas actua- 
les, se discutan las politicas de vacunacion mas efectivas, 
pero a la vez mas seguras, donde se considere la inmuniza- 
cion separadamente contra el sarampion, la rubeola y las 
paperas o, en todo caso, el empleo de vacunas acelulares 
para dichas enfermedades. 

10. Los ninos y las madres embarazadas constituyen los 
segmentos mas expuestos a estas enfermedades. El Estado 
debe asumir su responsabilidad en el compromiso del cui- 
dado de sus vidas y su salud, pues constituyen nuestro mas 
preciado recurso humano, sobre el que depende el futuro 
de la nacion. 



An Fac Med Lima 2006; 67(3) 



257 



Case1:06-cv-01357-EGS Document 23-4 Filed 01/23/2007 Page 41 of 45 



Miguel Sandoval y col. 



REFERENCIAS BIBLIOGRAFICAS 

1. Whig L. Autistic spectrum disorders. Brit Med J. 1996;312:327-8. 

2. Gillberg G, Coleniau M. The Biology of the Autistic Syndromes. 
MacKeith, Cambridge: Cambridge University Press; 2000. 

3. Ritvo E, et al. The UCLA-Universily of Utah epidemiologic survey 
of autism: Prevalence. Am J Psychiatry. 1989;146: 194-9. 

4. Burd L, et al. A prevalence study of pervasive developmental 
disorders in North Dakota. .1 Am Acad Child Adolesc Psychiatry. 
1997;26:700-3. 

5 . Bertrand J , et al . Prevalence of autism in a United States population : 
the Brick Township, New Jersey, investigation. Pediatrics. 
2001;108:1155-61. 

6. FionaJ, etal. Brief report: Prevalence ofautism spectrum conditions 
in children aged 5-11 years in Cambridgeshire, UK. Autism. 
2002;6:231-7. 

7. Yeargin-Allsopp M, et al. Prevalence of Autism in a US 
metropolitan area. JAMA. 2003;289:49-55. 

8. California Department of Developmental Services. Autistic Spectrum 
Disorders - Changes hi the California Caseload - An Updated: 1999 
trough 2002. Sacramento, CA: State of California; 2003. 

9. Gerlai R, et al. Autism: a large unmet medical need and a complex 
research problem. PhysolBehav. 2003;79:461-70. 

10. Gurney J , et al . Analysis of prevalence trends of autism spectrum 
disorder hi Minnesota. Arch Pediatr Adolesc Med. 2003; 157:622- 
7. 

11. Blaxill M, et al. Commentary: Blaxill, Baskin and Spitzer on 
Croen et al: (2002), tlie changing prevalence ofautism m California. 
J Autism Dev Disord. 2003;33:223-6. 

12. Munro N. Missing the Mercury Menace? National Journal, January 
3. 2004. 

13. Blaxill M. What's going on? The question of tune trends in autism. 
Public Health Rep. 2004; 1 19:536-5 1 . 

14. Gerlai R, et al. Autism: a for pharmacotherapies? Drug Discov 
Today. 2004;9:366-74. 

15. Newschaffer C, et al. National autism prevalence trends from United 
States Special Education Data. Pediatrics. 2005; 1 15:277-82. 

16. Mercury in Medicme: Takuig Unnecessary Risks. A Report Prepared 
by The Staff of the Subcomiiiittee on Human Rights and Wellness 
Committee on Government Reform. United States House of 
Representatives, May 2003. 

17. Office of Special Education Programs, US Department of 
Education. Twenty-third Annual Report to Congress on the 
Implementation of the Individuals With Disabilities Education Act. 
Washington, D.C. : Office of Special Education Programs, US 
Department of Education; 2002. 

18. RimlandB. The Autism epidemic, vaccinations, and mercury. J 
Nut Environ Med. 2000; 10:261-6. 

19. Kennedy RF Jr. Deadly Imiiiunity. Available at http:// 
rollingstone.com/politics/story. Accessed June 20, 2005. 

20. Barberesi W, et al. The incidence ofautism in Olmsted County, 
Minnesota, 1976-1997: results from a population-based study. Arch 
Pediatr Adolesc Med. 2005; 159:37-44. 

21. Byrd R, et al. Report to the Legislature on the Principal Findings 
from the Epidemiology of Autism in California: A Comprehensive 
Pilot Study. M.l.N.D. Institute. University of California, Davis. 
October 17, 2002. Available at http: //www. ucdiiic.ucdavis.edu/ 
mindinstitute/newsroom/study _fiiial.pdf 

22. Autism Research Institute. Autism Research Review. 
2000;4(l):ARI3-6. 



23. Werner E, Dawson G. Validation of the phenomenon of autistic 
regression using home videotapes. Arch Gen Psychiatry. 
2005;62:788-94. 

24. Pangborn J, Baker S. Autism: effective biomedical treatments. 
Individuality in an epidemic. Autism Research Institute Publication, 
2005. 

25. Geier M, et al. Neurodevelopmental disorders after thimerosal- 
containing vaccines: a brief commuuication. Exp Biolo Med. 
2003;228:660-4. 

26. Geier M, et al. Thimerosal in childhood vaccines, 
neurodevelopmental disorders, and heart disease hi Uie United Slates. 
J Am Phys Surg. 2003;8:6-11. 

27. Geier D, et al. An assessment of the impact of thimerosal on 
neurodevelopmental disorders. Pediatr Rehabil. 2003;6:97-102. 

28. US. Food and Drug Admuiistration. DeparUiientof Healtli and Human 
Services. Center For Biologies Evaluation And Research. Thmierosal 
in Vaccines; http : //www . fda.gov/cber/vaccine/tliuiierosal . htm. 

29. BallL, etal. An assessment of tliimerosal use in childhood vacchies. 
Pediatrics. 2001; 107: 1 147-54. 

30. Redwood L, et al. Predicted mercury concentrations in hair from 
infant inmiunizations: cause of concern. Neurotoxicology. 
2001;22:691-7. 

31. Bernard S, et al. Autism: A novel form of mercury poisoning. 
MedHypotlieses. 2001;56:462-71. 

32. Deb S, Prasad K. The prevalence of autistic disorder among children 
with a learnmg disability. Br J Psychiatry. 1994;165:395-9. 

33. WilliamsJ, etal. Systematic review ofprevalence studies ofautism 
spectrum disorders. Arch Dis Child. 2006;91:8-15. 

34. Ozuah P, et al. Mercury exposure in an urban pediatric population. 
Anibul Pediatr. 2003;3:24-6. 

35 . UNEP Global Mercury Assessment Working Group . Global Mercury 
Assessment. United Nations Eiiviromuent Program, Geneva, 2003. 

36. Gillberg C, Coleman M. The Biology of the Autistic Syndromes 
2"" Ed. London: MacKeith Press; 1992. 

37. Sapienza C, Hall J. Genetic imprinting and human disease. In: 
Scriver Cr, Beaudet Al, Sly Ws, Valle D (eds). The metabolic and 
molecular bases of inherited disease. 8* Ed. New York: McGraw- 
Hih; 2001. p. 417-31. 

38. Shaffer LG, Ledbetter DH, Lupski JR. Molecular cytogenetics of 
contiguous gene syndromes: mechanisms and consequences of gene 
dosage imbalance. In: Scriver CR, Beaudet AL, Sly WS, Valle 
D, Childs B, VogelsteiiiB (eds). Metabolic and molecular basis of 
inherited disease. 8* Ed. New York: McGraw-Hill; 2002. p. 1291- 
324. 

39. Latlie R. Autism, Brahi and Environment. London: Jessica Khigsley 
Publishers; 2006. 

40. Wakefield A, et al. Ileal-lymphoid-nodular hyperplasia, non- 
specific colitis, and pervasive developmental disorder in children. 
The Lancet. 1998;351:637-42. 

41. Wakefield A. MMR vaccination and autism. The Lancet. 
1999;354:949-50. 

42. Singh V, et al. Elevated levels of measles antibodies in children 
witli autism. Pediatr Neurol. 2003;28:292-4. 

43 . Singh V, et al . Serological association of measles virus and human 
lierpesvirus-6 with brain autoantibodies in autism. Clin Immunol 
Immuuopathol. 1998;89: 105-8. 

44. Singh V, et al. Abnormal measles-mumps-rubella antibodies and 
CNS autoimmunity in children with autism. J Bionied Sci. 
2002;9(4):359-64. 



258 



An Fac Med Lima 2006; 67(3) 



Case1:06-cv-01357-EGS Document 23-4 Filed 01/23/2007 Page 42 of 45 



Capacidad antioxidante de la sangre de grado (Croton palanostigma) 



45. UhlinaimV, etal. Potential virus pathogenic mechanism for new 
variant inflanmiatory bowel disease. Molecular Pathology. 
2002;55:84-90. 

46. Bradstreet J. etal. Detectionof measles virus genomic RNA in 
cerebro-spinal fluid of children with regressive autism: a report of 
three cases. J Am Phys Surg. 2004;9:38-45. 

47. Jyonouchi H, et al. Dysregulated innate immune responses in young 
children with autism spectrum disorders: their relationship to 
gastrointestinal symptoms and dietary intervention. 
Neuropshychobiology . 2005 ;5 1 (2) : 77-85 . 

48. Kawashima H, et al. Detection and sequencing of measles virus 
from peripheral blood mononuclear cells from patients with 
inflammatory bowel disease and autism. Digest Dis Sci. 
2000;45:723-9. 

49. Vijendra K, et al. Elevated levels of measles antibodies in children 
with autism. Pediatric Neurology. 2003; 28(4): 63-6. 

50. Horvath K, et al. Gastrointestinal abnormalities in children with 
autism. J Pediatr. 1999;135:559-63. 

5 1 . Wakefield A, et al . Enterocolitis in children with developmental 
disorder. Am J Gastroenterol. 2000;95:2285-95. 

52. Sabra A, et al. Ileal-lymphoid-nodular hyperplasia, non-specific 
colitis and pervasive developmental disorder in children. Lancet. 
1998;352:234-5. 

53. Wakefield A, et al. Review article: concept of entero-colonic 
encephalopathy, autism, and opioid receptor ligauds. Aliment 
Pharmacol Titer. 2002;16:663-74. 

54. Cave S. What your doctor may not tell you about children's 
vaccinations. Warner Books; 2001. 

55. Laslo-Baker D, et al. Child ueurodevelopmeutal outcome and 
maternal occupational exposure to solvents. Arch Pediatr Adolesc 
Med. 2004;158:956-61. 

56. AUred M, Willbur S. Hazardous substance exposures and autism. 
In: De Rosa CT, Holler JS, Mehlmau MA, eds. Impact of 
Hazardous Chemicals in Public Health, Policy, and Service. 
Advances in Modern Toxicology. Princeton NJ: International 
Toxicology Books, Inc. 2002:453-74. 

57. Eppright T, et al. Attention deficit hyperactivity disorder, infantile 
autism and elevated blood-lead: a possible relationship. Mo Med. 
1996;93(3): 136-8. 

58. London E, Etzel R. The environment as an etiologic factor in 
Autism: A new direction for research. Environ Health Perspect. 
2000; 108(3): 40 1-4. 

59. Mendola P et al. Environmental factors associated with a spectrum 
of ueurodevelopmeutal deficits. Mental Retard Devel Disabil Res. 
2002;8:188-197. 

60. Rodier P, Hyman S. Early environmental factors in autism. Ment 
Retard Devel DisabilRes. 1998;4: 121-8. 

61 . Davis E, et al. Autism and developmental abnormalities in children 
with perinatal cocaine exposure. J Natl Med Assoc. 
1992;84(4):315-9. 

62. Hultman C. et al. Perinatal risk factors for infantile autism. 
Epidemiology. 2002;13:417-23. 

63. Agency for Toxic Substances and Disease Registry. Toxicological 
profile for mercury. Atlanta, GA: Agency for Toxic Substances 
and Disease Registry; 1999. 

64. National Research Council 2000; http://www.uap.edu/catalog/ 
9899. html. 

65. US Environmental Protection Agency Integrated Risk Information 
System. Reference dose for chronic oral exposure (RfD). En: 



Methylmercury (MeHg) (CASRN 22967-92-6). Available at littp:/ 
/www. epa.gov/iris/subst/0073. htm. Accessed Apr 22, 2006. 

66. Working Document, EMEA, Multidisciplinary Group on 
Thiomersal;Juue23, 1999. 

67. Bigham M, et al. Thiomersal in vaccines: balancing the risk of 
adverse effects with the risk if vaccine-preventable disease. Drug 
Saf. 2005;28:89-101. 

68. Lynn R, et al. American Academy of Pediatrics. Technical Report: 
Mercury in the environment: implications for pediatricians. 
Pediatrics. 2001;108:197-205. 

69. Burbacher T, et al. Comparison of blood and brain mercury levels 
in infant monkeys exposed to metliylmercury or vaccines containing 
thimerosal. Environ Health Perspect. 2005;113:1015-21. 

70. Geier D, et al. Neurodevelopmetal disorders following thimerosal- 
containing childhood uiimunizations: a follow-up analysis. Int J 
Toxicol. 2004;23:369-75. 

71. Geier D, Geier M. A two-phased population epidemiological study 
of tlie safety of tliimerosal containing vaccines: a follow-up analysis. 
Med Sci Monit. 2005; 1 1(4):CR160-CR170. 

72. Verstraeten T, et al. Safety of thimerosal-containing vaccines: a 
two-phased study of computerized health maintenance organization 
databases. Pediatrics. 2003; 1 12: 1039-48. 

73 . Stehr-Green P, et al . Autism and thimerosal-containing vaccines: 
lack of consistent evidence for an association. Am J Prev Med. 
2003;25:101-6. 

74. Hvidd A, et al. Association between thimerosal-containing vaccines 
and autism. JAMA. 2003;290: 1763-76. 

75 . Madsen K, et al . Thimerosal and tlie occurrence of autism: negative 
ecological evidence from Danish population-based data. Pediatrics. 
2003;112:604-6. 

76 . Andrews N, et al . Thimerosal exposure in infants and developmental 
disorders: a retrospective cohort study in the United Kingdom does 
not support a causal association. Pediatrics. 2004;114:584-91. 

77. Heron J, et al. ALSPAC Study Team: Thimerosal exposure in 
infants and developmental disorders: a prospective cohort study in 
tlie United Kingdom does not support a causal association. Pediatrics. 
2004;114:577-83. 

78. Parker S, et al. Thimerosal-containing vaccines and autistic 
spectrum disorder: a critical review of published original data. 
Pediatrics. 2004;114(3):793-804. 

79. Bernard S. Association between tliimerosal-containing vaccine and 
autism. JAMA. 2004;291: 180. 

80. Blaxill M. Concerns continue over mercury and autism. Am J Prev 
Med. 2004;26:91. 

81 . Trelka J, Hooker B. More on Madsen's analysis. J Am Phys Surg. 
2004;9:101. 

82. Yazbak F. Autism seems to be increasing worldwide, if not in 
London. BMJ Letter. 2004;328:226-7. 

83 . Proceedings of the Simpsonwood Meeting, Nacross, GA, June 7-8, 
2000, obtained under tlie Ereedom of Information Act. Full proceedings 
available at http : //www . safeminds . org . Accessed July 2 1 , 2004 . 

84. Verstraeten T. Thimerosal, the Centers for Disease Control and 
Prevention, andGlaxoSmitliKline. Pediatrics. 2004; 113:932. 

85. Geier D. A comparative evaluation of the effects of MMR 
immunization and mercury doses from thimerosal-containing 
childhood vaccines on the population prevalence of autism. Med 
Sci Monit. 2004;10(3):PI33-PI39. 

86. Geier D, et al. Early downward trends in neurodevelopmental 
disorders following removal of thimerosal-containing vaccines. J 
Am Phys Surg. 2006;11(1):8-13. 



An Fac Med Lima 2006; 67(3) 



259 



Case 1 :06-cv-01357-EGS Document 23-4 Filed 01/23/2007 Page 43 of 45 



Miguel Sandoval y col. 



87. The Autism Autoiniinuuity Proyect. One child in 166 has autism 
spectrum disorder . Available at http : //www . taap . info/epidemic . asp 
AccessedJaul2, 2006. 

88. Geier D, Geier M. An assessment of downward trends in 
neurodevelopmenlal disorders in tlie United States following removal 
of thimerosal from childhood vaccines. Med Sci Mouit. 
2006; 12(6):CR231-CR239. 

89. Palmer R, etal. Environmental mercury release, special education 
rates, and autism disorder: an ecological study in Texas. Health 
Place. 2006;12:203-9. 

90. Windham G, et al. Autism Spectrum Disorders in Relation to 
Distribution of Hazardous Air Pollutants in the San Francisco Bay 
Area. The National Institute of Environmental Health Sciences. 
National Institute of Health . US Deparhnent of Health and Human 
Services . Available at: http : //www . eliponline . org/docs/2006/9 1 20/ 
abstract.pdf. Accessed on line June 21, 2006. 

91. Mutter J, et al. Mercury and autism: accelerating evidence? 
Neuroendocrinol Lett. 2005;26:439-46. 

92. Bradstreet J, et al. A case-control study of mercury burden in 
children with autistic spectrum disorders. J Am Phys Surg. 
2003;8:76-9. 

93. Holmes A, etal. Reduced levels of mercury in first baby haircuts 
of autistic children. Int J Toxicol. 2003;22:277-85. 

94. Lonsdale D, et al. Treatment of autism spectrum children with 
tliiaminetetraliydrofiirfiiry! disulfide: a pilot study. Neuro Endocrinol 
Lett. 2002;23:303-8. 

95. Fido A, Al Saad S. Toxic trace elements in the hair of children 
with autism. Autism. 2005;9:290-8. 

96. Hu L, et al. Neutron activation analysis of hair samples for the 
identification of autism. Trans Am Nuclear Soc. 2003; 89: 16-20. 

97. Bowers M, et al. Quantitative determination of porphyrins in rats 
and human urine and evaluation of urinary porphyrin profiles during 
mercury and lead exposures. J Lab Clin Med. 1992;120:272-81. 

98. Woods J. Porphyrin metabolism as indicator of metal exposure and 
toxicity. En: Goyer RA and Cherian MG, eds. Handbook of 
Expermieutal Pharmacology. Berlin: Sringer-Verlag; 1995. p. 19- 
52. 

99. Woods .T. Altered porphyrin metabolism as a biomarker of mercury 
exposure and toxicity. CauJ Physiol Pharmacol. 1996;74:210-5. 

lOO.Piugree S, et al. Quantitative evaluation of urinary porphyrins as a 
measure of kidney mercury content and mercury body burden during 
prolonged methylmercury exposure in rats. Toxicol Sci. 
2001;61:234-40. 

101. Woods J , et al . The association between genetic polymorphisms of 
coproporpliyrinogen oxidase and an atypical porphyrinogenic response 
to mercury exposure in humans. Toxicol Appl Pharmacol. 
2005;206:113-120. 

102. Woods .1, Fowler B. Metal alteration of uroporphyrinogen 
decarboxylase and coproporpliyrinogen oxidase. Ann NY Acad Sci. 
1987;514:55-64. 

103.WoodsJ, etal. Urinary porphyrin profiles as a biomaker of mercury 
exposure: studies on dentist with occupational exposure to mercury 
vapour. J Toxicol Environ Heal tli. 1993;40:235-46. 

104. Woods J, Miller H. Quantitative measurement of porphyrins in 
biological tissues and evaluation of tissue porphyrins during toxicant 
exposures. Fuiidam Appl Toxicol. 1993;21:291-7. 

105.Heyer N, et al. A cascade analysis of the interaction of mercury 
and coproporpliyrinogen oxidase (CPOX) polymorpliism on tlie heme 
biosynthetic pathway and porphyrin production. Toxicol Lett. 
2006;161:159-66. 



106.Bremiau M, Cantrill R. The effect of delta-aminolevulinic acid on 

the uptake and efflux of (3H)GABA in rat brain syiiaptosomes. J 

Neurochem. 1979;32:1781-6. 
107.Muller W, Snyder S. Delta-aminolevulinic acid: influences on 

synaptic GABA receptor binding may explain CNS symptoms of 

porphyria. Ann Neurol. 1977;2:340-2. 
108.Veriiia A, et al. Porphyrins are endogenous ligands for the 

mitochondrial (peripheral-type) benzodiazepine receptor. Proc Natl 

Acad Sci USA. 1987;84:2256-60. 
109.Ruscito B, Harrison N. Hemoglobin metabolites mimic 

benzodiazepines and are possible mediators of hepatic 

encephalopathy. Blood. 2003;102:1525-8. 
llO.GordonN. The acute porphyrias. Brain Dev. 1999;21:373-7. 
111. Millward L, et al . Self-rated psychosocial consequences and quality 

of life in the acute porphyrias. J InheritMetabDis. 2001;24:733-47. 
1 12. Marion R. The girl who mewed: acute intermittent porphyria. 

Discover. 1995;16:38-40. 
11 3. Gonzalez-Ramirez D, etal. Sodium 2, 3-diiiiercaptopropaiie-l- 

sulfonate challenge test for mercury in humans: II. Urinary 

mercury, porphyrins and neurobehavioral changes of dental workers 

in Monterrey, Mexico. J Pharmacol Exp Titer. 1995;272:264-74. 

1 14. Autism Research Institute. Treatment Options for Mercury/etal 
Toxicity in Autism and Related Developmental Disabilities: Consensus 
Position Paper. ARIPub. February 16, 2005. Available at litpp:// 
www . autismwebsite . com/ari/dan/mercurymetaldetox. htm. 

1 15. Autism Research Institute. Parents ratings of behavioural effects 
of biomedical interventions. ARI Pub. August 34, 2004. 

116.Alberti A, et al. Sulphation deficit in iow-functioning' autistic 

children: a pilot study. Bio Psychiatry. 1999;46:420-4. 
1 17. James S, et al. Metabolic biomarkers of increased oxidative stress 

and impaired metliylation capacity in children with autistic spectrum 

disorders. AmJClinNutr. 2004;80:1611-7. 
11 8. Boris M, et al. Association of 5, lO-methyleuetetrathydrofolate 

reductase (MTHFR) gene polymorphisms with autistic spectrum 

disorders. J Am Phys Surg. 2004;9: 106-8. 
119. James S, et al. Thimerosal neurotoxicity is associated with 

glutathione depletion: protection with glutathione precursors. 

Neurotoxicology. 2005;26:1-8. 
120. Godfrey M, et al. Apolipoptrotein E genotyping as a poteucial 

biomarker for mercury neurotoxicity. J Alzheimers Dis. 

2003;5:189-96. 
121. Redwood L, et al. Predicted mercury concentrations in hair from 

infant inmiunizations: cause for concern. Neurotoxicology. 

2001;22:691-7. 
122. Haley B. Mercury toxicity: genetic susceptibility and synergistic 

effects. MedVer. 2005;2:535-42. 
123 . Department of Healtli and Human Services National Vaccine Program 

Office Presents: Workshop on Aluminium in Vaccines. Caribe Hilton 

International Hotel, San Juan, Puerto Rico: Jointly sponsored by: 

Task Force for Child Survival and Development. May 12, 2000. 
124.Lacson A, et al. Aluminium phagocytosis in quadriceps muscle 

following vaccination in children: relationship to macrophagic 

myofasciitis. Pediatr Dev Pathol. 2002;5: 151-8. 
125 .Flarend R, et al. In vivo absorption of aluminium-containing vaccine 

adjuvants using 26 Al. Vaccine. 1997;15:1314-8. 
126.Authier F, et al. Central nervous system disease in patients with 

macrophagic myofasciitis. Brain. 2001;124:974-83. 
127.Glierardi R. Lessons from macrophagic myofasciitis: towards 

definition of a vaccine adjuvant-related syndrome. Rev Neurol 

(Paris). 2003;159:162-4. 



260 



An Fac Med Lima 2006; 67(3) 



Case1:06-cv-01357-EGS Document 23-4 Filed 01/23/2007 Page 44 of 45 



Capacidad antioxidante de la sangre de grado (Croton palanostigma) 



128 .Bergfors E, et al. Uuexpectantly high incidence of persistent itching 

and delayed liypersensitivity to aluminium in children after tlie used 

of absorbed vaccines from a single manufacturer. Vaccine. 

2003;22:64-9. 
129.BlaylockR. Interactions of cytokines, excitotoxins, and reactive 

nitrogen and oxygen species in autism spectrum disorders. J Amer 

Nutr Assoc. 2003;6:21-35. 
130.Blaylock R. The central role of excitotoxins in autism spectrum 

disorders. J Amer Nutr Assoc. 2003;6:7-19. 
131.Blaylock R. Clironic microglial activation and excitotoxicity 

secondary to excessive immune stimulation: possible factors in 

Gulf War Syndrome and autism. J Amer Pliys Surg. 2004;9:46- 

51. 
132. Jones H. Danger of skin burns from thiomersal. British Med J. 

1972;2:504-5. 
133.Baskin D, et al. Thimerosal induces DNA breaks, caspase-3 

activation, membrane damage and cell death in cultured human 

neurons and fibroblasts. Toxicol Sc. 2003;74:361-8. 
134.Leong C, et al. Retrograde degeneration of ueurite membrane 

structural integrity of nerve growth cones following in vitro exposure 

to mercury. Neuro" Report. 2001;12:733-7. 
135 . Parry J . An evaluation of the use of in vitro tubulin polymerisation, 

fungal and wheat assays to detect the activity of potencial chemical 

aneugens. Mutation Res. 1993;287:23-8. 
136.Wallin M, et al. Effects of potencial aueuploidy inducing agents on 

microtubule assembly in vitro. Mutation Res. 1993;287:17-22. 
137.Brunner M, et al. Effects of 10 known or suspected spindle poisons 

in the vitro porcine brain tubulin assembly assay. Mutagenesis. 

1991;6:65-70. 
138.Makani S. et al. Biochemical and molecular basis of thunerosal- 

induced apoptosis in T cells: a major role of mitochondrial pathway. 

Genes and Inmmunity. 2002;3:270-8. 
139.Waly M, et al. Activation of methionine synthase by insulin-like 

growth factor- 1 and dopamine: a target for neurodevelopmental 

toxins and Thimerosal. Mol Psychiatry. 2004;9:358-70. 
140.Arseuijevic Y, etal. Insulin-like growth factor- 1 is necessary for 

neural stem cell proliferation and demonstrates distinct actions of 

epidermal growth factor and fibroblast growth factor-2. .1 Neurosci. 

2001;21:7194-202. 
141 .Riaz S, et al. The controlled conversion of human neural progenitor 

cells derived from fetal ventral mesencephalon into dopaminergic 

neurons in vitro. Brain Res Dev Brain Res. 2002; 136:27-34. 
142. Humphrey M, et al. Mitochondrial mediated thimerosal-induced 

apoptosis in a human neuroblastoma cell line (SK-N-SH). 

Neurotoxicology. 2005;26:407-16. 
143. Yel L, et al. Thimerosal induces neuronal cell apoptosis by causing 

cytochrome c and apoptosis-inducing factor release from 

mitochondria. IntJ Mol Med. 2005;16:971-7. 
144. Brown L, et al. Thimerosal induces neuronal cells via changes in the 

mitochondrial enviromiient. UCI Undergrad Res J. 2003;6:7-14. 
145.Parran D, et al. Effects of thimerosal on NGF signal transduction 

and cell death in neuroblastoma cells. Toxicol Sci. 2005;86: 132-40. 
146.Mutkus L. et al. In vitro uptake of glutamate in GLAST- and 

GLT-1-transfected mutant CHO-Kl cells is inhibited by the 

etliylmercury-containing preservative thhnerosal. Biol Trace Eleiii 

Res. 2005;105:71-86. 
147.Hornig M, et al. Neurotoxic effects of postnatal thimerosal are 

mouse strain dependent. Mol Psychiatry. 2004;9:833-45. 
148.Clarkson T, et al. Reproductive and developmental toxicity of 

metals. Scand J Work Environ Health. 1985;11:154-64. 



149.Grandjean P, et al. Cognitive performance of children prenatally 

exposed to "safe" levels of metliylmercury. Environ Res. 

1998;77:165-72. 
150.Gasset A, et al. Teratogenicities of ophthalmic drugs II. 

Teratogenicities and tissue accumulation of thimerosal. Arch 

Ophthalmol. 1975;93:52-5. 
1 5 1 . SI ikker W . Developmental neurotoxicology of therapeutics : survey 

of novel recent findings. Neurotoxicology. 2000;21:250. 
152.Magos L. Neurotoxic character of thimerosal and the allometric 

extrapolation of adult clearance half-time to infants. J Appl Toxicol . 

2003;23:263-9. 
153. Goth S, et al. Uncoupling of ATP-mediated calcium signaling 

and dysregulated interleukin-6 secretion in dendritic cells by 

nanomolar thimerosal. Environ Health Perspect. 2006; 1 14: 1083- 

91. 
154.Kravcheiiko A, etal. Evaluation of the toxic action of prophylactic 

and therapeutic preparations on cell cultures. Communication III. 

Revealing the toxic properties of medical biological preparations 

from the degree of cell damage in continuous cell line L132. Zh 

Mikrobiol Epidemiol Immunobiol. 1983;3:87-92. 
155. Cox N, Forsyth A. Thimerosal allergy and vaccination reactions. 

Contact Dermatitis. 1988; 18:229-33. 
156.ForstromL, etal. Merthiolate hypersensitivity and vaccination. 

Contact Dermatitis. 1980;6:241-5. 
157.Rohyans J, et al. Mercury toxicity following merthiolate ear 

irrigations. .IPediatr. 1984;104:311-3. 
158. Seal D, et al. The case against thimerosal. The Lancet. 

1991;338:315-6. 
159.Pichichero M, et al. Mercury concentrations and metabolism in 

infants receiving vaccines containing tilimerosal: a descriptive study. 

The Lancet. 26o2;360: 1737-4 1 . 
160.Stajich G, et al. Iatrogenic exposure to mercury after hepatitis B 

vaccination in preterm infants. J Pediatr. 2000; 136:679-8 1 . 
161 Clarkson T. The three faces of mercury . Environ Health Perspect. 

2002;110(l):ll-23. 
162.Cernichiari E, et al. Monitoring metliylmercury during pregnancy: 

maternal hair predicts fetal brain exposure. Neurotoxicology. 1995; 

16:705-10. 
163.Magos L, et al. The comparative toxicology of ethyl- and 

metliylmercury. Arch Toxicol. 1985;57(4):260-7. 
164.Carty A, et al. The chemistry of mercury in biological systems. En: 

Nriagu JO, eds. The Biogeochemistry of Mercury in tlie Enviromiieut. 

New York, NY: Elsevier/North Holland; 1979. p. 433-59. 
165. Material Safety Data Sheet: Ely Lilly And Company. Lilly 

Corporate Center. Indianapolis. Indiana 46265: Common Name: 

Thimerosal (Lilly Nos: QA041U, LSN-006739). Revised Date: 

June 13, 1991. 
166. Merck. Material Safety Data Sheets. Product Info 817043 

Thimerosal. http://www.chemdat.iiierck.de/pls/pi03/ 

web2.searcli_page2?text=817043&laiig=4. Visited at October 24, 

2005. 
167. National Institute of Environmental Health Science. Thimerosal 

(54-6-8). Nomination to the National Toxicology Program. Review 

of the Literature. Available at: littp://www. ntp.niehs.nih.gov/ntp/ 

htdocs/Cheiii_Backgroud/ExSumPDF/Thiiiierosal.pdf. Accessed 

March 1,2006. 
168. Thimerosal in vaccines - An Interim Report to Clinicians. American 

Academy of Pediatrics. Committee of Infectious Diseases and 

Committee on Environmental Health. Pediatrics. 1999; 104(3):570- 

4. 



An Fac Med Lima 2006; 67(3) 



261 



Case1:06-cv-01357-EGS Document 23-4 Filed 01/23/2007 Page 45 of 45 



Miguel Sandoval y col. 



169. Environmental Working Group: Overloaded? New science, New 
Insights about mercury and autism in susceptible children. 
Washington, DC: EWG Action Found; 2004. 

170. Office of Environmental Health Hazard Assessment. Response to 
tlie Petition of Bayer Corporation for Clarification of tlie Proposition 
65 Listing of "Mercury and Mercury Compounds" as Chemical 
Known to Cause Reproductive Toxicity; February 2004. Available 
at littp : //www . oehha.ca.gov/prop65/crnr_notices/ligbayer . html . 
Accessed Mar 1. 2006. 

ni.Ayoub D. Yazbak F. Influenza vaccination during pregnancy: A 
critical assessment of the recommendations of the Advisory 
Committee on Immunization Practices (ACIP). J Am Pliys Surg. 
2006;11:41-7. 

172.Ukita T, et al. Distribution of 203Hg labelled mercury compounds 
in adults and pregnant mice determined by whole-body 
autoradiography. Radioisotopes. 1967;16:439-48. 

173.Trasande L, et al. Public health and economic consequences of 
methylmercury toxicity to the developing brain. Environ Health 
Perspect. 2005;113:590-6. 

174.Gasset A, et al. Teratogenicities of ophthalmic drugs II. 
Teratogenicities and tissue accumulation of tihmerosal. Arch 
Opthalmol. 1975;93:52-5. 

175.Itoi M, et al. Teratogenicities of antiviral opththalmics on 
experimental animals. JpnJClinOplithal. 1972;26:631-40. 

176.Digar A, et al. Lethality and teratogenicity of organic mercury 
(thiiiierosal) on tlie chick embryo. J Aiiat Soc India. 1987;36: 153-6. 

177.Batts A, et al. The effect of some preservatives used in nasal 
preparations on mucus and ciliary components of mucociliary 
clearance. J Pliarm Pharmacol. 1990;42:145-51. 

178. Dally A. The rise and fall of pink disease. Soc Hist Med. 
1997;10:291-304. 



179.Goncharuk G. Experimental investigation of the effect of 

organomercury pesticides on generative function and on progeny. 

HygSanit. 1971;36:40-4. 
180. Clement Associates. Toxicological Profile for Mercury. Atlanta, 

Ga. : Department of Health and Human Services, Agency for Toxic 

Substances and Disease Registry, US Public Health Services; 1989. 
181.Kahn A, et al. Effects of inorganic mercury in reproductive 

performance of mice. Food Clieiii Toxicol. 2004;42:571-7. 
182.Heiiioiien O, et al. Birth Defects and Drugs in Pregnancy. Littleton, 

Mass.: Publishing Sciences Group; 1976. 
183.Tyrpliouas L, Nielsen N. Pathology of chronic alkymercurial 

poisoning in swine. AmJ Vet Research. 1973;34:379-92. 
184. Leonard A, et al. Mutagenicity and teratogenicity of mercury 

compounds. MutatRes. 1983;114:1-18. 
185. Joint Statement of the American Academy of Pediatrics (AAP) and 

the US Public Health Service (PHS). Pediatrics. 1999; 1049:568-9. 
186. Joint Statement Concerning Removal Thiiiierosal from Vaccines: 

June 22, 2000: The American Academy of Family Physicians. The 

American Academy of Pediatrics. The Advisory Committee on 

Immunization Practices. The United States Public Health Service 

(PHS). 



Manuscrito recibido el 02 de agosto de 2006 y aceptado para publicaciou 
el 01 setieiiibrede2006. 

Correspondencia: 

Luis Alberto Maya Perez. 

Av. Javier Prado Este 3801, Santiago de Surco. 

Lima 33, Peril. 

Correo-e: mayapicy@qnet.com.pe 



262 



An Fac Med Lima 2006; 67(3) 



